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International Joint Commission
Commission mixte internationale
 
October 1989
International Joint Commission
Canada and the United States
Commissioners:
The Great Lakes Science Advisory Board is pleased to submit its l989
Report to the Commission as required under the Great Lakes Water Quality
Agre
emen
t.
The
repo
rt c
onta
ins
thir
ty t
hree
reco
mmen
dati
ons
of t
he B
oard
,
as w
ell
as d
etai
led
conc
lusi
ons
and
supp
orti
ng r
ecom
mend
atio
ns o
f th
e ex
pert
comm
itte
es a
nd t
he C
ounc
il o
f Gr
eat
Lake
s Re
sear
ch M
anag
ers.
The
work
of
the
Boar
d si
nce
the
1987
Repo
rt r
efle
cts
a co
ntin
ued
emph
asis
on i
nteg
rati
ve
science and implementation of an ecosystem approach, addressing issues of
toxic chemicals and pollution prevention.
In response to the Commission, the Board has renewed its efforts to
address matters related to toxic chemicals, ecosystem effects, and human
heal
th.
The
find
ings
and
conc
lusi
ons
of t
he B
oard
in t
his
rega
rd w
arra
nt
the
Comm
issi
on r
ecom
mend
ing
that
the
Part
ies
unde
rtak
e a
comp
rehe
nsiv
e
bina
tion
al
inve
stig
atio
n,
poss
ibly
a re
fere
nce,
conc
erni
ng t
he s
igni
fica
nce,
nature, and extent of human exposure to toxic chemicals in the Great Lakes
Basin Ecosystem. This is the first recommendation of the Board to the
Commission, and the focus of the 1989 report.
The Board is looking forward to presenting and discussing its report
with
the
Comm
issi
on o
n th
e oc
casi
on o
f th
e 4t
h Bi
enni
al M
eeti
ng
in H
amil
ton,
Ontario October 11—14, l989.
Respectfully submitted,
J.R2?i[?::1tyne, éh.D. A.M. Beeton, Ph D.
Co—Chair Co—Chair
Canadian Section United States Section
Windsor . Ottawa . Washington
100, avenue Ouellette Avenue, Windsor. Ontario N0A 0T2 moi 290-7821
or/ou PO. Box 32800. Detrou, Michigan 48232i313i220'2170
  
  
"I do contend that we have put poisonous and biologically potent
chemicals indiscriminately into the hands of persons largely or wholly ignorant of
their potentials for harm. We have subjected enormous numbers of people to
contact with these poisons, without their consent and often without their knowl-
edge. If the Bill of Rights contains no guarantee that a citizen shall be secure
against lethal poisons distributed either by private individuals or by public offi-
cials, it is surely only because our forefathers, despite their considerable wisdom
and foresight, could conceive of no such problem.
I contend, furthermore, that we have allowed these chemicals to be used
with little or no advance investigation of their effect on soil, water, wildlife, and
man himself. Future generations are unlikely to condone our lack of prudent
concern for the integrity of the natural world that supports all life.
There is still very limited awareness of the nature of the threat. This is
an era of specialists, each of whom sees his own problem and is unaware of or
intolerant of the larger frame into which it fits. It is also an era dominated by
industry, in which the right to make a dollar at whatever cost is seldom chal-
lenge
- Prom Silent Spring by Rachel Carson, Chapter 2.
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 SUMMARY OF RECOMMENDATIONS
While all of the recommendations of the Committees of the Board and the Council of Great Lakes
Research Managers appear in the report as recommendations to the Board, this summary has been
compiled and endorsed by the entire Board, and is presented in terms of six major headings: Health,
Toxics Management, Spills, Ecosystem Integrity, Education and Public Participation, and Emerging
Issues. The relevant section of the report is cross—referenced in parentheses to indicate the origin of each
recommendation, and each recommendation is numbered for ease of reference.
HEALTH
It is recommended that:
The Commission actively encourage the governments of Canada and the United States to carry out
a comprehensive binational investigation, possibly a reference, concerning the signiﬁcance, nature
and extent of human exposure to toxic chemicals (8.2).
The Parties use the results of studies on health effects in wildlife populations as a basis for deci-
sions and policies regarding the effects of chemical exposures on human populations, pending the
availability of more information on human health (2.7).
The Parties conduct a binational study to correlate the observed effects resulting from chemical
exposures in wildlife and human populations (2.7).
The Parties sponsor research projects that replicate and expand onappropriate studies that have
demonstrated relationships between chemical exposures and health in human populations in the
Great Lakes Basin Ecosystem and elsewhere. Also, where appropriate, new exposed cohorts be
identified and the effects of chemical exposures be investigated in these new cohorts (2.7).
The Parties sponsor research to develop methodologies to assess the social and behavioural effects
of chemical exposure arising from water and sediment contamination and the implications for
remedial actions (2.7).
The Parties sponsor applied research on methods of communicating information and the lack of
information on the potential health effects of chemical exposure to the public (2.7).
The Parties sponsor research on integrated ways of understanding ecosystems and disturbances to
them. This research should take into account difﬁculties with single cause /single effect method-
ologies. The research should also address such matters as the interlinked effects of multiple, low-
level, long-term chemical exposures (2.7).
The Parties sponsor research projects to develop new methodologies that clarify the relationship
between chemical exposures and markers of biochemical change, so that these methodologies can
be applied expeditiously to human population exposures (2.7).
TOXICS MANAGEMENT
9. That the Commission advise the Governments of the United States and Canada that the great
increase in toxics management initiatives at the national, state, provincial, county and local level
has resulted in a highly fragmented institutional response to the problem. There is an urgent need
to integrate these efforts under a risk policy umbrella administered under one governmental
executive or agency for purposes of risk policy coordination. Without such an effort, much of the
energy that will go into the management and control of toxic substances will not be effective (8.6).
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ECOSYSTEM INTEGRITY
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The
peop
le of
the b
asin
clari
fy th
e des
irabl
e attr
ibute
s of e
cosys
tems
that
woul
d cha
racte
rize
“integrity,” including such factors as sufficient protected pristine nature, carefully husbanded
productive waters and lands, and beautifully maintained urban areas (4.1).
Collaborative interdisciplinary teams of research and educational professionals assemble the
eleme
nts o
f a pr
actic
al sc
ience
/poli
cy of
ecos
yste
m int
egrit
y fro
m a s
tudy
of in
itiat
ives s
uch a
s the
annexes to the Agreement as amended, the Remedial Action Plans and Lakewide Management
Plans (4.1).
The Parties consider developing a new annex to the Great Lakes Water Quality Agreement, con-
cerning Heritage Area Security Plans that incorporates formal recognition of the planning process
to conserve pristine locales in the coastal zone (4.2).
The Commission assist the Parties in a survey of geographic information systems and establish a
basinwide system which carries data regarding health, environmental and natural heritage values
XII
19.
20.
21.
  
to be protected, sources of pollution, and corrective measures and is capable of reporting and
assisting the Commission in the evaluation of progress and results of environmental and resource
management programs (N/A).
The Parties extend the use of information on the ecological status of the lake trout (Salvelinus
namaycush) and Pontoporeia hoyi as an ecosystem objective for the oligotrophic waters of Lake
Superior to oligotrophic waters of other lakes and connecting channels (5.1).
The Parties use the walleye (Stizostedion vitreum vitreum) and the mayﬂy (Hexagem'a limbata) as indi-
cators of the quality of cool, mesotrophic waters in the various lakes and connecting channels (5.2).
The Parties undertake to develop an ecosystem objective for shallow nearshore waters of the lakes
and connecting channels (5.2).
The Parties implement the ecosystem objectives, summarized in Section 5.3.2, that specify: the
number of pairs of bald eagles (Haliaeetus leucocephalus), their productivity, and egg and brain
residues that would be associated with the virtual elimination of persistent toxic substances from
the Great Lakes and interconnecting channels (5.3).
EDUCATION AND PUBLIC PARTICIPATION
23.
24.
25.
26.
27.
Public participation programs associated with Remedial Action Plans be further enhanced by the
jur
isd
ict
ion
s th
rou
gh:
a
0 Submitting a full description of the program design and the activities to date as part of the
Stage 1 Report, which covers the approach to be followed in Stages 2 and 3, to facilitate the
review and evaluation of public participation programs associated with RAPs as conducted
under Annex 2, para. 2(e) of the GLWQA
0 Introducing an iterative approach to the development and implementation of public
participation through periodic review and evaluation by the jurisdictions and the Parties
0 Linking public information, education and participation programs in order to improve the
development of RAPs (6.4).
The federal, state and provincial governments assist the Great Lakes constituency by developing,
coordinating and disseminating scientific and management material on the Great Lakes Basin
Ecosystem which is specifically intended for use in educational programs for citizens atall age
levels (7.1).
Representatives in the Great Lakes states and provinces identify Great Lakes education as a
priority for inclusion in their state or provincial school curricula over the next three years -
focusing on the value of the lakes to the region’s well-being and the role which citizens play in
ensuring a healthy Great Lakes Basin Ecosystem (7.2).
Great Lakes Areas of Concern be used as focal points for the development of Great Lakes educa-
tion materials, in order to expand the community support programs in each area and encourage
greater awareness and understanding of the issues facing specific sites and the Great Lakes in
general (7.3).
Representatives in each state and province in the Great Lakes basin, and the federal Governments
of Canada and the United States, support the development of basinwide water monitoring
programs by students in each of the 42 Areas of Concern (7.4).
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33.
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pote
ntia
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se o
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ote
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olo
gy a
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r
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ptab
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ptio
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duc
e or
elim
inat
e th
e in
put
of t
oxic
subs
tanc
es t
o th
e ba
sin,
inc
ludi
ng t
he
view
that
the r
elea
se of
gene
tica
lly e
ngin
eere
d or
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sms
in th
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Lake
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r
The
Com
mis
sio
n st
rong
ly en
cour
age
the
Part
ies t
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velo
p an
d im
plem
ent
devi
ces,
meth
ods
and
proc
edure
s to p
reven
t exo
tic s
pecie
s fro
m gai
ning
acces
s to t
he Gr
eat L
akes,
parti
cular
ly vi
a shi
ps
entering the lakes from overseas ports (3.2).
The Parties, states and provincial governments take action immediately to manage two recently
introduced species (ruffe Gymnocephalus cemuus and zebra mussel Dreissena polymorpha), which
have already impinged on the Great Lakes ecosystem and will result in increased costs to
industries, municipalities and citizens (3.2).
The Commission advise the Parties of the desirability of strengthening international arrangements
to anticipate and prevent problems arising from collective actions which threaten the integrity of
the biosphere, thereby providing a necessary global context for the Great Lakes Water Quality
Agreement (8.4).
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1.0 INTRODUCTION
1.1 ' GENERAL
The terms of reference of the Science Advisory Board under the Great Lakes Water Quality Agree—
men
t (G
LWQ
A),
defi
ne t
he ro
le of
the
Boar
d as
the
“scie
ntifi
c adv
iser
to th
e Co
mmi
ssi
on a
nd t
he W
ater
Quali
ty
Board
.”Thi
s rol
e inc
ludes
broa
d res
ponsi
bilit
ies r
elate
d to t
he “r
esear
ch an
d kno
wled
ge
perti
nent
to th
e ide
ntifi
catio
n, ev
aluat
ion a
nd re
solut
ion o
f cur
rent
and a
ntici
pated
prob
lems
relat
ed to
Grea
t La
kes
wate
r qua
lity
.” T
he B
oard
is or
gani
zed
to ad
dres
s th
ese
resp
onsi
bili
ties
thro
ugh
four
expe
rt c
ommi
ttee
s: E
colo
gica
l, So
cieta
l, Te
chno
logi
cal
and
Heal
th, a
nd w
ith
the h
elp
of th
e Co
unci
l of
Grea
t La
kes
Rese
arch
Mana
gers
. T
he C
ounc
il is
a un
ique
inst
itut
ion o
f th
e Co
mmis
sion
, es
tabl
ishe
d to
"enh
ance
the
abili
ty of
the
Scie
nce
Advi
sory
Boar
d an
d th
e Co
mmi
ssi
on t
o pr
ovid
e eff
ecti
ve le
ader
ship
,
guida
nce,
supp
ort a
nd ev
aluat
ion o
f Gre
at La
kes r
esear
ch pr
ogra
ms wi
th pa
rticu
lar r
efere
nce t
o pro
-
gram
s re
quir
ed o
r fu
nded
purs
uant
to th
e pro
visi
on o
f the
GLW
QA”
(Ter
ms o
f Re
fere
nce,
Sect
ion 2
). I
n
fulfi
lling
its m
anda
te,
the
Coun
cil
is re
spon
sibl
e to,
and
repo
rts
to bo
th t
he C
omm
iss
ion
and
the
Boar
d
Co-Chairs.
The
Board
’s or
ganiz
ation
(Figu
re 1),
while
exper
t and
speci
alize
d at t
he lev
el of
prob
lem d
efini
tion,
is in
tegr
ated
at th
e Bo
ard
leve
l wh
ere
cons
ensu
s is
deve
lope
d on
prob
lem
reso
luti
on a
nd f
utur
e di
rec—
tions
. Th
e pri
ncipa
l ele
ment
s of t
he st
rateg
ic ap
proa
ch of
the B
oard
and
the C
ommi
ttee
s rem
ain u
n-
chan
ged f
rom t
he 19
87 re
port:
integ
rativ
e sci
ence
and
impl
emen
tati
on of
an ec
osys
tem a
pproa
ch,
addressing issues of toxic chemicals and pollution prevention.
Since
the 1
987 R
eport
, the
Boar
d an
d the
Co-C
hair
s hav
e int
eract
ed di
rectl
y wit
h the
Wate
r Qua
lity
Boar
d and
the C
ommi
ssio
n on
many
impo
rtan
t iss
ues.
Thes
e inc
luded
evalu
ation
of th
e Pro
tocol
-
Revi
sed
Grea
t La
kes
Wate
r Qu
alit
y Ag
ree
men
t wi
th r
espe
ct to
IJC r
oles
and
respo
nsibi
litie
s, th
e Bo
ard’
s
resp
onse
to th
e WQ
B on
the i
ssue
of in
creas
ing l
evels
of ni
trate
/ nitr
ite, d
evel
opme
nt of
Boar
d gui
de-
lines
for t
he re
view
of RA
Ps, a
nd in
put t
o crit
eria f
or li
sting
/deli
sting
Area
s of
Conc
ern.
In ad
ditio
n, th
e
Boar
d par
ticip
ated
with
the C
ommi
ssio
n an
d the
WQB,
thro
ugh t
he Co
rpor
ate M
anag
emen
t Com
mitt
ee,
in th
e dev
elop
ment
and
track
ing o
f bud
get/
work
plans
, and
in th
e est
ablis
hment
of pri
ority
activi
ties
for th
e joi
nt ins
titut
ions
unde
r the
Agre
emen
t. W
hile
many
of th
ese a
ctivit
ies w
ere c
oordi
nated
by th
e
Co-C
hair
s on
behal
f of t
he Bo
ard,
a (th
ird) j
oint m
eeti
ng to
ok pl
ace i
n Dea
rbom
, MI
on N
ovem
ber
16,
1988,
and
prov
ided
a for
um fo
r the
memb
ersh
ip to
inter
act bo
th fo
rmall
y and
infor
mally
on is
sues
of
mutual interest, including the aforementioned.
The
direc
tive
from
the C
ommi
ssio
n for
incre
ased
emph
asis
on th
e imp
licat
ions
of to
xic c
hemic
als
prese
nt in
the G
reat
Lake
s bas
in on
huma
n hea
lth r
esult
ed in
the r
eorga
nizat
ion o
f the
Hum
an H
ealt
h
Effe
cts C
omm
itt
ee i
nto t
he n
ew H
ealt
h Co
mmit
tee,
a fou
rth
expe
rt c
ommi
ttee
of th
e SA
B. W
ith
the
conc
urren
ce of
the W
QB a
nd th
e Com
miss
ion,
term
s of r
efere
nce f
or thi
s new
comm
itte
e wer
e dev
el-
oped
, me
mber
s app
ointe
d, an
d a m
ajor
work
shop
comp
lete
d wit
hin a
year
- an
achi
evem
ent w
hich
augu
rs we
ll fo
r the
futur
e, an
d spe
aks o
f the
urge
ncy a
nd im
port
ance
attac
hed t
o this
work
.
One
of th
e ma
in o
bjec
tive
s of
the
GLW
QA
is to
rest
ore a
nd m
aint
ain
the c
hemi
cal,
phys
ical
and
biolo
gical
integ
rity o
f the
water
s of t
he Gr
eat L
akes
Basin
Ecosy
stem.
The
integ
rity
of th
e eco
syst
em is
mark
ed by
the e
xiste
nce o
f a he
althy
and
evolv
ing s
tate,
with
a cap
acity
to da
mpen
and
self-
regul
ate
outsi
de pe
rturb
ation
, str
ess a
nd ot
her d
estab
ilizi
ng fa
ctors
. Ad
vanc
ed ec
osys
tem d
egrad
ation
and
disin
tegra
tion
must
be av
oide
d by
conse
rvati
on me
asur
es wh
enev
er fe
asibl
e; ot
herwi
se, r
ehabi
litat
ion
and
reint
egrat
ion o
f per
turbe
d par
ts of
the e
cosy
stem
(Area
s of C
once
rn) m
ust b
e ach
ieved
thro
ugh
remediation (see Chapter 4).
The
imper
ative
to ma
inta
in th
e int
egrit
y of t
he wa
ters
of th
e Gre
at La
kes B
asin
Ecos
yste
m is w
ell
state
d late
r in t
his re
port:
ecos
yste
ms fu
nctio
n spl
endid
ly wi
thou
t hum
ans
but h
uman
s can
not f
uncti
on
at all
with
out a
well
funct
ionin
g eco
syste
m. T
he Bo
ard c
onsid
ers t
hat t
he cu
rrent
fram
ewor
k for
form
u—
latio
n of p
olicy
decis
ions
relat
ing to
xic c
hemic
als a
nd h
uman
healt
h is d
efici
ent in
sever
al re
spect
s. T
he
1
Figure 1. S
cience Advi
sory Board
Organizatio
nal Chart
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ers
Res
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 bur
den
of p
roo
f sh
oul
d be
for
pro
pon
ent
s to
sho
w th
at s
ynth
etic
indu
stri
al c
hem
ica
ls a
re c
omp
ati
ble
wit
h na
tura
l ec
osys
tem
s.
Furt
her,
heal
th e
ffec
ts o
n na
tura
l ve
rteb
rate
pop
ula
tio
ns n
eed
to b
e gi
ven
grea
ter
wei
ght
as i
ndic
ator
s of
poss
ible
thre
ats
to h
uma
n he
alth
. B
ase
d o
n ac
cum
ula
tin
g ev
ide
nce
of t
he
dev
elo
pme
nta
l ef
fect
s of
toxi
c ch
emi
cal
s on
natu
ral
popu
lati
ons,
the
Boa
rd n
ow
call
s fo
r a
maj
or b
ina-
tion
al i
nves
tiga
tion
, po
ssib
ly a
refe
renc
e, l
inki
ng e
xpo
sur
e to
toxi
c ch
emi
cal
s an
d h
uma
n he
alth
.
Eco
sys
tem
hus
ban
dry
and
mai
nte
nan
ce o
f in
tegr
ity
are
com
ple
x an
d in
volv
e an
exte
nsiv
e ne
two
rk
of o
pera
tion
al a
gen
cie
s in
bot
h co
untr
ies,
wit
h im
plic
atio
ns f
or t
he G
rea
t La
kes
basi
n an
d be
yon
d.
Thr
oug
h lo
ng-
ran
ge a
tmo
sph
eri
c tr
ansp
ort,
the
Gre
at L
ake
s ba
sin
rece
ives
sign
ific
ant
amo
unt
s of
con
tam
ina
nts
fro
m ot
her,
ofte
n di
stan
t lo
cale
s (D
DT
deri
vati
ves
fro
m Ce
ntra
l Am
eri
ca,
PCB
s, n
itra
tes
and
$02
fro
m n
ear
er
reg
ion
s).
The
se
con
tam
ina
nts
adv
ers
ely
affe
ct t
he i
nte
gra
tiv
e an
d a
ssir
nila
tive
capa
city
of t
he b
asin
. A
t th
e sa
me
time
, co
nta
min
ant
s ex
port
ed.
fro
m th
e ba
sin
thr
oug
h th
e St
. La
wre
nce
Riv
er o
r th
rou
gh a
tmo
sph
eri
c tr
ansp
ort
can
affe
ct a
nim
al a
nd
hum
an
pop
ula
tio
ns i
n th
e At
lant
ic a
nd
Arct
ic r
egio
ns,
as e
vid
enc
ed b
y pr
ese
nce
of t
oxic
subs
tan
ces
in p
opu
lat
ion
s of
bel
uga
wha
les
and
Inui
t.
The
lake
s in
turn
, ar
e so
urce
s of
dest
abil
izin
g in
ﬂue
nce
s th
at a
dve
rse
ly a
ffec
t th
e in
tegr
ity
of o
ther
ecosystems, and, by extension, the whole biosphere.
The
Gre
at L
ake
s Wa
ter
Qua
lit
y Ag
ree
men
t st
ates
"tha
t re
stor
atio
n an
d e
nha
nce
men
t of
the
bou
nd-
ary
wat
ers
can
not
be a
chi
eve
d in
dep
end
ent
ly o
f ot
her
part
s of
the
Gre
at L
ake
s Ba
sin
Eco
sys
tem
...”
Rec
ent
ly w
e h
ave
bec
ome
mor
e ac
utel
y aw
are
of h
ow
all g
loba
l ec
osy
ste
ms a
re i
nte
rde
pen
den
t an
d
thr
eat
ene
d by
glob
al c
lima
te c
han
ge,
atm
osp
her
ic t
rans
port
of m
any
toxi
c su
bsta
nces
, an
d de
plet
ion
of
the
stra
tosp
heri
c oz
one
has
bec
ome
mor
e ev
iden
t. C
ons
equ
ent
ly,
ther
e is
a gr
owi
ng r
eali
zati
on t
hat
man
y pr
obl
ems
tra
nsc
end
the
regi
onal
bou
nda
rie
s of
the
Gre
at L
ake
s Ba
sin
Eco
sys
tem
; w
e m
ust
thin
k
globally.
The
rela
tion
ship
of g
loba
l, r
egio
nal
and
loca
l sy
ste
ms w
as
sim
ply
put
by t
he G
erm
an
scie
ntis
t an
d
poet
, Go
eth
e, w
ho
said
, "I
n li
ving
natu
re,
not
hin
g ha
ppe
ns w
hic
h is
unc
onn
ect
ed t
o th
e wh
ole
.”
If th
is
sta
tem
ent
can
be v
iew
ed a
s a
firs
t pr
inci
ple
of t
he e
cos
yst
em a
ppr
oac
h or
"la
w of
inte
rcon
nect
edne
ss,”
a
sec
ond
prin
cipl
e re
quir
es s
yst
ems
to b
e ba
sed
on r
ecyc
ling
of m
att
er i
n or
der
to b
e su
stai
ned.
Thi
s la
tter
attr
ibut
e is
und
erl
ine
d by
the
real
izat
ion
that
six
elem
ents
: c
arbo
n, o
xyg
en,
nitr
ogen
, hy
dro
gen
, ph
os-
pho
rus
and
sulf
ur,
com
pri
se m
ost
of t
he m
ass
of a
ll li
ving
mat
ter
on e
arth
, an
d th
at t
he s
upp
ly o
f th
ese
ele
men
ts i
s fi
xed.
Avo
idi
ng t
he d
isru
ptio
n of
natu
ral
cycl
es o
f th
e ma
jor
ele
men
ts b
y h
uma
n ac
tivi
ties
hol
ds t
he k
ey t
o pr
eve
nti
ng p
ollu
tion
and
ach
iev
ing
sust
aina
bili
ty.
As r
epo
rte
d in
Cha
pte
r 6
by t
he
Soci
etal
Com
mit
tee
, su
stai
nabl
e de
vel
opm
ent
has
eme
rge
d as
an i
mpo
rta
nt c
hall
enge
and
env
iro
nme
nta
l
poli
cy t
hem
e in
bot
h th
e Un
ite
d St
ates
and
Can
ada
. A
s a
com
ple
men
t to
the
eco
sys
tem
app
roa
ch,
this
the
me h
as r
ele
vanc
e an
d im
por
tan
t im
plic
atio
ns f
or a
chi
evi
ng t
he p
urp
ose
of t
he A
gre
eme
nt.
The
repo
rt w
hic
h fo
llow
s no
t on
ly e
ncom
pass
es t
he i
nsig
ht a
nd r
ecom
mend
atio
ns o
f the
Boar
d’s
18
scie
ntis
ts f
rom
the
US.
and
Can
ada
, bu
t al
so r
epre
sent
s th
e th
oug
hts
and
vie
ws o
f ot
her
expe
rts,
scie
n-
tist
s an
d in
for
med
citi
zens
in t
he b
asin
. A
s m
ay
be s
een
in t
he R
eco
rd a
ndA
ckn
owl
edg
eme
nts
Sect
ion,
the
Boar
d ha
s in
tera
cted
with
man
y kn
owle
dgea
ble
peop
le i
n the
Area
s of
Conc
ern.
By d
evot
ing
a
sign
ific
ant p
orti
on o
f ea
ch m
eeti
ng a
gend
a to
inte
ract
ion t
hrou
gh s
ite v
isits
, wo
rksh
ops,
scien
tific
brie
fing
s an
d in
form
ed d
iscu
ssio
n, t
he B
oard
has
soug
ht t
o sha
re a
nd b
uild
upo
n th
e loc
al ba
ses
of
kno
wle
dge
so e
ssen
tial
for
the
dev
elo
pme
nt o
f pr
acti
cal
solu
tion
s.
The
Boa
rd a
ckn
owl
edg
es a
nd
commends all of those who contributed so effectively to this process.
1.2 REMEDIAL ACTION PLANS
The
rev
iew
and
eval
uati
on o
f Re
med
ial
Act
ion
Pla
ns i
s un
der
tak
en b
y th
e Bo
ard
as t
he s
cien
ce
advi
ser
to th
e Co
mmi
ssi
on a
nd t
he W
ater
Qual
ity
Boar
d, a
s set
out
in th
e Co
mmi
ssi
on d
irec
tive
of
September 23, 1989, entitled "Remedial Action Plan Review Process.”
This
dire
ctiv
e req
uire
s tha
t re
view
s “i
nclu
de i
nput
from
the W
ater
Qual
ity
Boar
d, t
he Sc
ienc
e
Advi
sory
Boar
d, t
he Gr
eat
Lake
s Fi
sher
y Co
mmi
ssi
on a
nd o
ther
s as
appr
opri
ate,
” th
e de
velo
pmen
t of
guid
elin
es f
or re
view
"in c
onsu
ltat
ion
with
the
SAB,
" an
d th
e de
velo
pmen
t of
"pro
cedu
res
for r
evie
w of
the RAP in keeping with (Board) responsibilities.”
3
 
 
 The
Scie
nce
Advi
sory
Boar
d re
view
of Re
medi
al A
ctio
n Pl
ans
is ba
sed
on a
n un
ders
tand
ing
of th
e
fund
amen
tal
prin
cipl
e ac
cede
d to
by t
he P
arti
es in
the G
LWQ
A an
d re
iter
ated
with
spec
ial r
efer
ence
to
Reme
dial
Acti
on Pl
ans i
n Ann
ex 2
of th
e 198
7 rev
ision
of th
e Agr
eeme
nt, i
.e. "R
emed
ial A
ctio
n Pla
ns
shall
embo
dy a
syste
matic
and c
ompr
ehen
sive
ecos
yste
m app
roac
h to r
estor
ing a
nd pr
otect
ing b
enefi
-
cial uses in Areas of Concern ”
In developing guidelines to facilitate their review of RAPs, the Board stated that:
"Remedial Action Plans must consider the demographic, economic and institutional context
within which remedial decisions are made, the ﬁnancial and institutional resources that must
be mobilized if remedial action is to occur, and the primary economic and institutional im-
pediments to short-term remediation and sustained long-term protection.”
To guide reviewers and to provide a reference and consistent basis for reviews, the Board
considered the following eleven questions as most relevant to the spirit and intent of the Agreement:
0 Does the plan embody an ecosystem approach? Have problems and solutions been examined
at various levels of integration?
Are human health effects addressed in a comprehensive manner?
Have effects been adequately linked to contributing societal causes, such as specific private
and public sector activities and technological implications?
0 Are the remedial actions adequate to sustain the beneficial uses for the foreseeable future and
the planning horizon?
0 Does the plan provide for public communication and education? Is there provision for timely
involvement of the public in the definition of problems, identification of alternate remedies
and implementation of preferred approaches?
0 Does the plan foster innovative approaches to cooperative problem solving by stakeholder
groups?
0 Does the plan identify opportunities for the private sector to remedy existing problems and
prevent future ones? Does the plan identify alternate sanctions and incentives to encourage
such private sector activity? Does the plan identify non-environmental community objectives
that may conﬂict with the attainment of environmental goals identified in the Remedial
Action Plans?
0 Do studies necessary to complete the Remedial Action Plans comprise a balanced information
system of social, technological and ecological elements?
0 Is there provision for periodic public review and updating of Remedial Action Plans by the
jurisdictions?
0 Does the plan identify opportunities for pollution prevention through the application of clean
technology, pretreatment, waste reduction, recycling and land management or other meas-
ures?
0 Is the report set in an appropriate time frame? (e.g. slow processes should be monitored for a
long time, as should the consequences of intermittent contamination).
These questions comprise the review guidelines and are applied by Board reviewers when ad-
dressing ecological, societal, technological and health science concerns. Following detailed comment,
discussion and endorsement by the Board, the reviews are compiled into a final report and forwarded to
the attention of the Water Quality Board and the Commission.
Since the 1987 Board Report, ten RAPs have been reviewed on this basis by the Board. They are:
Deer Lake, White Lake, Manistique River, Torch Lake, Muskegon Lake, Raisin River, Green Bay, Clinton
River, Rouge River and Saginaw Bay.
It was the consensus of the Board that all of the RAPs reviewed, while not perfect, nonetheless
represent remarkable achievements when viewed as progress towards implementing the GLWQA.
None of the RAPs fully embodied an ecosystem approach. The Green Bay RAP, however, was acknowl-
4
 edge
d as
the
plan
most
clos
ely e
nact
ing
it. T
he B
oard
note
d th
at th
e rel
ativ
e str
engt
hs of
the
RAP
s we
re
grea
test
with
resp
ect
to te
chni
cal e
ngin
eeri
ng a
spec
ts, l
ess w
ith
ecol
ogic
al as
pect
s an
d le
ast w
ith
socia
l,
econ
omic
and
inst
ituti
onal
aspe
cts.
An
uncr
itic
al a
ppro
ach
to th
e re
port
ing o
f da
ta a
lso r
esul
ted i
n
repo
rts
that
wer
e un
nece
ssar
ily
vol
umi
nou
s, t
heir
leng
th a
barr
ier
to e
ffec
tive
com
mun
ica
tio
n an
d
interpretation.
In ad
diti
on t
o re
view
ing
the
abov
e RA
Ps,
the
Boar
d he
ld s
ix of
its e
ight
meet
ings
for t
he bi
enni
al
peri
od i
n Ar
eas
of Co
ncer
n an
d de
vote
d a s
igni
ﬁcan
t se
gmen
t of
each
meet
ing
agen
da t
o be
comi
ng
awar
e of
loca
l pr
oble
ms,
and
to in
tera
ctin
g wi
th c
itiz
ens a
nd l
ocal
ofﬁci
als.
A me
etin
g he
ld i
n Eri
e, P
A
in F
ebru
ary
1988
, an
area
not
desi
gnat
ed a
s an
Area
of Co
ncer
n, r
esul
ted
in a
reco
mmen
dati
on t
o th
e
Com
mis
sio
n th
at th
e ar
ea b
e so
desi
gnat
ed i
n or
der
that
a RA
P co
uld
be d
evel
oped
. It
was
the
unan
i-
mou
s vi
ew o
f th
e Bo
ard
, af
ter
part
icip
atin
g in
a lo
cal
wor
ksh
op
on t
he w
ate
r qu
alit
y of
Erie
Har
bor
, th
at
the
pre
lim
ina
ry d
ata
and
the
inf
orm
ed c
onc
ern
s of
loca
l ci
tize
ns p
rov
ide
d a
sou
nd b
asis
for
suc
h a
reco
mmen
dati
on.
It wa
s th
e vi
ew o
f the
Comm
issi
on,
sinc
e Er
ie Ha
rbor
was
not
uniq
ue i
n the
basi
n as
a
pote
ntia
l Ar
ea o
f Co
ncer
n ca
ndid
ate,
that
crite
ria w
ere
requ
ired
for l
istin
g an
d de
list
ing A
reas
of
Conc
ern
in a
syst
emat
ic a
nd o
bjec
tive
way.
This
deci
sion
resu
lted
in th
e WQ
B in
itiat
ive t
o de
velo
p
crite
ria f
or li
sting
and
deli
stin
g Ar
eas
of Co
ncer
n ba
sed
on t
he i
mpai
rmen
t of
bene
fici
al us
es li
sted
in
Ann
ex 2
(c)
(i) -
(xiv
). T
hes
e cr
iter
ia w
ere
pub
lis
hed
in F
OCU
S,
Vol
ume
14,
Issu
e 1,
Mar
ch/
Apri
l 19
89.
The
SAB
prov
ided
com
men
ts t
o the
WQB
crite
ria,
focu
sing
on t
hree
cons
ider
atio
ns:
0
The
crit
eria
add
res
sed
onl
y wa
ter
qual
ity,
and
in a
nar
row
er s
ens
e th
an t
hat
imp
lie
d by
the
GLW
QA;
howe
ver,
they
migh
t ha
ve u
tilit
y if v
iewe
d in
a li
mite
d wa
y as
tech
nica
l ind
icat
ors.
0
Gre
ate
r co
nsid
erat
ion
sho
uld
be g
ive
n to
the
vali
dati
on o
f da
ta,
leve
l of
unce
rtai
nty,
and
risk
factors upon which RAP decisions are based.
0
So f
ar a
s fe
asib
le,
tren
ds a
nd t
hres
hold
s as
cros
s-ov
er p
oint
s ne
ed t
o be
iden
tifi
ed a
nd
risk
esti
mate
s or
prud
enti
al c
alcu
lati
ons n
eed
to be
prov
ided
wher
e da
ta m
ay n
ot b
e su
fﬁci
entl
y
informative. '
The
“Spe
cifi
c Obj
ecti
ves”
of A
nne
x 1 o
f the
GLW
QA
shou
ld b
e us
ed a
s lis
ting/
deli
stin
g cri
teria
and,
of co
urse
, th
e wa
ter
qual
ity s
tand
ards
of e
ach
juri
sdic
tion
mus
t be
met.
The
"Spe
cifi
c Obj
ecti
ves”
prov
ide
the
prin
cipa
l bas
is fo
r eva
luat
ing
the q
uali
ty of
ADC
envi
ronm
ents
and
prog
ress
on r
emed
ial
acti
ons.
Con
seq
uen
tly
, th
ese
obje
ctiv
es s
hou
ld b
e us
ed a
s a
basi
s fo
r de
list
ing.
In a
ddit
ion,
lake
trou
t
and
Pont
opor
eia
hav
e be
en a
cce
pte
d as
inte
grat
ive
indi
cato
rs o
f ol
igot
roph
ic e
cos
yst
ems
. D
eve
lop
men
t
of s
uch
indi
cato
rs f
or m
eso
tro
phi
c ec
osy
ste
ms i
s ne
ari
ng c
ompl
etio
n.
The
se i
ndic
ator
s sh
oul
d be
espe
cial
ly u
sefu
l in
list
ing a
nd
deli
stin
g AO
Cs.
The
SAB
orig
inal
ly i
nte
nde
d to
pro
cee
d wi
th t
he d
evel
-
opm
ent
of e
utro
phic
inte
grat
ive
indi
cato
rs; h
owev
er,
the d
ispo
siti
on of
this
acti
vity
now
falls
to th
e
Parties under the 1987 Protocol.
In s
umm
ary
, th
e pr
opo
sed
crit
eria
wer
e vi
ewe
d by
the
SAB
as a
nec
ess
ary
but
insu
fﬁci
ent
tool
for
deci
sion
-mak
ing
for A
reas
of Co
ncer
n. A
s a
set o
f tec
hnic
al in
dica
tors
, th
ey a
re a
valu
able
inpu
t to
the
RAP
proc
ess.
Ther
e is
a ne
ed,
howe
ver,
to pl
ace
thes
e ind
icat
ors i
n th
e br
oade
r co
ntex
t of
publ
ic
decision-making provided for in the Agreement. -
The
SAB
thin
ks th
at if
the a
ffec
ted c
omm
uni
ty i
s to
"ow
n" i
ts RA
P, i
ts op
inio
ns m
ust
be g
iven
seri
ous w
eigh
t in
deli
stin
g cri
teria
. Th
is p
roce
ss s
houl
d in
volv
e pol
itica
l jud
geme
nt b
ased
on s
ound
soci
o-ec
onom
ic a
sses
smen
t, a
long
with
crite
ria f
or d
eter
mini
ng t
he h
ealt
h of
the e
cosy
stem
.
In th
is re
gard
, th
e Bo
ard
is en
cour
aged
by t
he ﬁn
ding
s of
the S
ocie
tal C
ommi
ttee
rela
ted t
o th
e
Roun
dtab
le o
n So
cial
Rese
arch
and
Anal
ysis
. Th
ese
ﬁndi
ngs
sho
w th
at m
any
socie
tal c
once
rns
rela
ted
to th
e Ag
ree
men
t ca
n be
reli
ably
and
scie
ntiﬁ
call
y me
asur
ed b
y so
cial
surv
ey i
nstr
umen
ts a
nd t
ech-
niqu
es.
Man
y of
the
use
impa
irme
nts
asso
ciat
ed wi
th A
nne
x 2 m
ight
be b
est d
eﬁn
ed w
hen
the
publ
ic
dee
ms i
mpai
rmen
t of
use
to ha
ve o
ccur
red,
or t
he de
gree
of i
mpai
rmen
t to
be u
nsat
isfa
ctor
y, a
s det
er-
mine
d by
the m
ajori
ty vi
ews o
f a lo
cal b
ody o
f ele
cted
repre
senta
tives
or a
scien
tiﬁca
lly c
onclu
sive
survey of opinion.
  
 If such a social assessment were applied, Erie Harbor would be overwhelmingly viewed as an Area
of Concern, based on the numerous letters and resolutions from the Erie County Executive, Erie County
Council, Brie City Council, Erie Ad hoc Water Quality Study Commission, the Pennsylvania Federation
of Sportsman’s Clubs, the Pennsylvania Chapter of the Sierra Club, Great Lakes United and the Erie
County Environmental Coalition, which represents Presque Isle Audubon Society, Lake Erie Chapter of
the Sierra Club, League of Women Voters, Lung Association, Benedictine Sisters of Erie, Erie County
Council of Sportsmen and many concerned citizens.
 2.0 HEALTH COMMITTEE
2.1 INTRODUCTION
Dur
ing
1988
, th
e Wa
ter
Qua
lit
y Bo
ard
and
the
Scie
nce
Adv
iso
ry B
oar
d re
vie
wed
the
way
in w
hic
h
hum
an
heal
th i
s co
nsi
der
ed i
n th
eir
ong
oin
g wo
rk.
As a
resu
lt,
the
Com
mit
tee
on t
he A
sse
ssm
ent
of
Hum
an
Heal
th E
ffec
ts of
Grea
t La
kes
Wate
r Qu
alit
y, w
hich
prev
ious
ly r
epor
ted
joint
ly to
the
Wate
r
Qual
ity
Boar
d an
d th
e Sc
ienc
e Ad
viso
ry B
oard
, no
w re
port
s to
the
Scie
nce
Advi
sory
Boar
d al
one.
In
addi
tion
, th
e Co
mmi
tte
e ha
s be
en r
ena
med
the
Hea
lth
Com
mit
tee
and
its t
erm
s of
refe
renc
e an
d m
em—
ber
shi
p h
ave
bee
n r
evi
sed
.
-
Thi
s ch
apt
er c
onta
ins
a su
mma
ry
of t
he 1
0 ye
ars
of a
ctiv
ity
of t
he C
omm
itt
ee
on t
he A
sse
ssm
ent
of
Hum
an
Hea
lth
Effe
cts
of G
rea
t La
kes
Wat
er Q
ual
ity
fro
m it
s es
tab
lis
hme
nt i
n 19
78 t
o th
e af
ore
men
-
tion
ed r
evi
ew i
n 19
88.
It al
so o
utli
nes
the
Wat
er Q
ual
ity
Boa
rd/
Scie
nce
Adv
iso
ry B
oar
d re
vie
w pr
oces
s
and
disc
usse
s th
e fu
ture
acti
viti
es o
f th
e ne
w H
eal
th C
omm
itt
ee.
2.2
CO
MM
IT
TE
E O
N T
HE
AS
SE
SS
ME
NT
OF
HU
MA
N H
EA
LT
H
EF
FE
CT
S O
F G
RE
AT
LA
KE
S W
AT
ER
QU
AL
IT
Y,
197
8-1
988
Thi
s se
ctio
n is
bas
ed o
n in
for
mat
ion
sup
pli
ed b
y th
e Co
mmi
tte
e on
the
Ass
ess
men
t of
Hum
an
Hea
lth
Effe
cts
of G
rea
t La
kes
Wat
er Q
uali
ty.
The
Com
mit
tee
’s a
ssis
tanc
e is
grat
eful
ly a
ckn
owl
edg
ed.
2.2.1 BACKGROUND
The
sixt
h an
nua
l Gr
eat
Lak
es W
ate
r Qu
ali
ty R
epo
rt o
f th
e II
C (1
977)
, co
nta
ine
d a
rec
omm
end
ati
on
urg
ing
the
Part
ies
to "
coll
abor
ate
and
dev
elo
p a
pro
gra
m wh
ich
esta
blis
hes
a ru
nni
ng i
nve
nto
ry o
f to
xic
che
mic
als
used
, ma
nuf
act
ure
d or
imp
ort
ed i
nto
the
Gre
at L
ake
s ba
sin;
and
eval
uate
thei
r ri
sk t
o
human health and the environment.”
As
a re
sult
, th
e Jo
int
Scie
nce
Adv
iso
ry B
oar
d/W
ate
r Qu
ali
ty B
oar
d II
C Co
mmi
tte
e on
the
Ass
ess
-
men
t of
Hum
an
Hea
lth
Effe
cts
of G
rea
t La
kes
Wat
er Q
ual
ity
was
esta
blis
hed
in 1
978.
Its t
erm
s of
reference were to:
asse
ss t
he r
isk
to h
ealt
h po
sed
by c
ont
ami
nan
ts i
n th
e Gr
eat
Lak
es e
cos
yst
em
review action levels and guidelines for selected substances
pro
vid
e to
the
Inte
rnat
iona
l Jo
int
Com
mis
sio
n th
rou
gh i
ts B
oar
ds,
inte
rpre
tati
on a
nd
consultation on health matters '
0
main
tain
awar
enes
s of
curr
ent
adva
nces
and
know
ledg
e as
they
relat
e to
hum
an h
ealt
h
aspects of the Great Lakes ecosystem
Fro
m 19
78 o
nwa
rd,
the
Com
mit
tee
fulf
ille
d its
ter
ms o
f re
fere
nce
by
rev
iew
ing
and
eval
uati
ng
info
rmat
ion,
comm
issi
onin
g pa
pers
on s
peci
fic s
ubjec
ts, c
onve
ning
roun
dtab
les
and
work
shop
s, a
nd
letting contracts for research and data collection.
Mos
t of
the
Comm
itte
e’s
wor
k co
ncen
trat
ed o
n th
ree m
ajor
initi
ative
s: t
oxici
ty as
sess
ment
s of
chem
ical
s, h
azar
d ev
alua
tion
of mi
crob
iolo
gica
l an
d ch
emic
al c
onta
mina
nts
in wa
ter,
and
disc
ussi
ons o
f
epid
emio
logi
cal
meth
odol
ogie
s an
d da
ta r
equi
reme
nts.
Acti
viti
es un
der
thes
e thr
ee in
itiat
ives
will
be
outl
ined
belo
w. T
he C
omm
itt
ee h
as a
lso p
rovi
ded
advi
ce o
n th
e tox
icit
y an
d in
tera
ctio
ns o
f Gre
at L
akes
chem
ical
s, fi
sh c
onta
mina
nts
and
tumo
urs,
ener
gy p
rodu
ctio
n, g
roun
dwat
er q
uali
ty a
nd e
merg
ing
issues in health risk assessments.
 
 2.2.2 TOXICITY ASSESSMENTS OF CHEMICALS
2.2.2.1 1978 List of Great Lakes Chemicals in Appendix E to the Water Quality Board
Annual Report
A major activity assigned to the Committee in its terms of reference was the assessment of chemi-
cal contaminants in the Great Lakes Basin Ecosystem. The list of chemicals originally supplied to the
Committee appeared in Appendix E to the 1978 Annual Report of the Water Quality Board. Beginning
in 1978, the Committee established criteria for rating the toxicity of chemicals in the Great Lakes Basin
Ecosystem. Using these criteria, a measure of concern for human health effects in target populations
was defined. Populations included those drinking the water and eating fish or waterfowl. Other
considerations were the use of water for livestock watering and irrigation of food crops.
By 1980, preliminary assessments of the approximately 400 chemicals in Appendix E had been
conducted. The results of this review were published in 1981, revised and republished in 1982, and are
summarized in Table l:
Table 1. Toxicological Review of Chemicals in Appendix E ‘”
Chemicals of Concern (Acute Exposure) 41 (2’
Chemicals of Concern (Chronic Exposure) 69
Chemicals of Little Concern (Chronic Exposure) . 147
Chemicals of Unknown Concern (Chronic Exposure) 189
TOTAL REVIEWED 405 ‘3’
("Assessments provided in Tables 7.1, 7.2, 7.3, 7.4, 7.5 of the Committee’s 1982 report.
“These 41 chemicals are of concern because of their acute toxicity. They may or may not be of concern because of
their chronic toxicity.
(“Because some chemicals can exert signiﬁcant effects under both acute and chronic exposure situations, the total
number reviewed is less than the sum of numbers listed in each category.
The hazard assessment of the Appendix E chemicals was subsequently refined by assigning the
chemicals to more specific categories. This reassignment was done using data on industrial discharges,
manufacturing and use, as well as physical properties, persistence, potential for bioaccumulation and
toxicology. The Committee also identified the need for responsible, well-designed monitoring and
surveillance programs to validate Appendix E ﬁndings.
In response to a 198] request from the Water Quality Board, the Committee identified the follow-
ing goals for monitoring programs to address any human effects resulting from chemical exposure:
the identification of new or previously identified contaminants in indicator biota
the determination of trends in contaminant concentrations in selected species
the provision of data adequate for assessing total human exposure to contaminants via food,
water and air
In 1982, the Committee convened a Roundtable on the Surveillance and Monitoring Requirements
for Assessing Human Health Hazards Posed by Contaminants in the Great Lakes Basin Ecosystem, in
part to address these data needs. In large measure the recommendations developed by the experts of
the roundtable have not been implemented by the jurisdictions.
In 1982, the chemical listings produced in 1981 were updated and, where appropriate, chemicals
were re-evaluated. In 1983, a process was initiated to determine the relative importance for those
chemicals recommended for additional monitoring and surveillance, based on best estimates of levels
8
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m m
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t b
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c t
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re
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at
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d b
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eases from recreational or drinking water.
2.2.4 EPIDEMIOLOGICAL RESEARCH
The Committee first discussed the adequacy of epidemiological studies in its 1980 report. In 1981,
the Committee expressed a need for expert discussion of the appropriateness of guidelines on such
studies, given the databases available within the Great Lakes basin and the nature of the speciﬁc ques-
tions being asked. Preliminary investigations prompted the Committee to convene a workshop on the
Compatibility of Great Lakes Basin Cancer Registries (1981) and the above mentioned Roundtable
(1982).
In 1988, the Committee sponsored a Workshop on the Role of Epidemiology in Assessing the
Effects of Great Lakes Water Quality on Human
Health.
2.2.4.1
Workshop on the Compatibility of Great Lakes Cancer Registries
The usefulness of cancer registries in Great Lakes jurisdictions was investigated by a workshop on
the compatibility of such registries.
The major conclusrons
were:
0
Cancer Registries’ Characteristics - The workshop indicated incomplete coverage in the
Great Lakes jurisdictions.
Although all appeared to be collecting essential patient informa-
tion, registration procedures
were
not
uniform.
0
Data
Utilization for Research
- The
utility of cancer registry data for research is highly
dependent
on
the quality of data,
completeness of registration, population coverage
and
method
of data
collection and
coding.
Although
it may
be
possible to conduct
analyses
of
cancer rates within
specific registry jurisdictions, attempting
to combine
data from
several
registries is difficult.
0
Future
Developments
- The
need
for
more
information
on
the
occurrence
and
types
of
toxic
chemicals
was
identified, as
was
a
need
for more
research
on
non-cancer
exposure
outcomes.
Analyses
of human
tissues
and
ﬂuids
were
recommended
as
one
measure
of environmental
exposure.
There
has
been
some
progress
on
these
topics but
there
continues
to
be
a
lack
of uniformity
be-
tween
registries,
which
hinders
basinwide
cancer
assessments.
2.2.4.2
Roundtable
on
the
Surveillance
and
Monitoring
Requirements
for
Assessing
H
u
m
a
n
Health
Hazards
Posed
by
Contaminants
in
the
Great
Lakes
Basin
Ecosystem
The
Roundtable
was
convened
in
1982
to
explore
the
data
requirements
for
evaluating
the
hazards
posed
to
h
u
m
a
n
health
by
contaminants,
as
part
of
the
jurisdictions’
surveillance
and
monitoring
programs.
Consideration
was
limited
to
programs
pertaining
to
fish
and
water,
but
the
need
to
collect
further
data
on
contaminants
in
food
and
air
was
acknowledged.
The
major
conclusions
of
the
Roundtable
were:
0
Implications
for
Current
Monitoring
Programs
-
Consideration
of
public
health
impact
as
a
rationale
for
sampling
fish
and
water
does
not
imply
that
existing
programs
be
drastically
altered.
There
is
a
need
to
re-evaluate
current
programs
to
provide
data
on
contaminant
levels
that
are
relevant
for
health
hazard
evaluation.
The
specific
data
needs
are
outlined
in
the
Roundtable
proceedings.
0
Data
Evaluation
-
To
increase
comparability
of
monitoring
data
from
different
jurisdictions
or
laboratories
there
is
a
need
to
resolve
the
issue
of
the
"edible
portion"
being
analysed,
to
increase
interagency
communication,
to
implement
quality
assurance
/quality
control
pro-
grams,
to
report
data
at
least
annually
to
the
IIC
and
to
meet
annually
to
discuss
the
implica-
tions of the findings.
0
Speciﬁc
Surveillance
and
Monitoring
-
Emphasis
should
be
placed
on
monitoring
the
chemi-
cals
that
can
have
chronic
effects
(Table
7.3
of
the
Committee’s
1982
A
n
n
ua
l
Report),
espe-
cially
reproductive
effects.
In
addition,
there
is
a
n
e
e
d
for
monitoring
of
fish
a
n
d
water
con—
s
um
p
t
i
o
n
patterns,
waterborne
disease
outbreaks
(from
c
o
n
s
um
p
t
i
o
n
a
n
d
bathing)
a
n
d
concentrations
of
n
e
w
and
existing
chemicals
in
fish
and
water
over
time
(trends).
10
 As a
foll
ow-u
p to
this
Roun
dtab
le,
the
Comm
itte
e co
mpil
ed d
etai
led c
ompa
rati
ve i
nfor
mati
on o
n
surv
eill
ance
and
moni
tori
ng p
rogr
ams
for f
ish a
nd w
ater
from
all t
he ju
risd
icti
ons w
ithi
n th
e bas
in.
Thes
e we
re p
ubli
shed
in th
e 19
85 A
nnu
al R
epor
t. T
he d
ocum
enta
tion
sugg
este
d tha
t fe
w ag
enci
es h
ad
used
prev
ious
reco
mmen
dati
ons
of th
e Co
mmit
tee
in th
eir m
onit
orin
g pr
ogr
am d
esig
n. T
his
shor
tcom
-
ing has hampered efforts to conduct meaningful health assessments in the basin.
2.2.4
.3
Wor
ksh
op o
n th
e Ro
le o
f Ep
idem
iolo
gy i
n As
sess
ing
the
Effe
cts o
f Gr
eat
Lake
s Wa
ter
Quality on Human Health
In 19
85, t
he C
ommi
ttee
solic
ited
a pa
per
on t
he d
evel
opme
nt o
f gui
deli
nes
for t
he c
ondu
ct o
f
epid
emio
logi
cal
stud
ies
in th
e Gr
eat
Lake
s ba
sin.
The
pape
r ex
amin
ed s
ourc
es o
f da
ta o
n he
alth
and
envi
ronm
enta
l co
ntam
inat
ion
usef
ul fo
r ep
idem
iolo
gica
l inv
esti
gati
on, t
he co
ncer
ns o
f ba
sin r
esid
ents
,
rele
vant
tech
nica
l in
form
atio
n an
d th
e ty
pes o
f stu
dies
that
migh
t be
unde
rtak
en i
n th
e Gr
eat
Lake
s
basi
n. S
ubse
quen
tly,
the C
ommi
ttee
deci
ded
to s
pons
or a
wor
ksh
op o
n th
e rol
e of
epid
emio
logy
in
asse
ssin
g th
e eff
ects
of G
reat
Lake
s wa
ter
qual
ity o
n hu
man
heal
th.
The
majo
r co
nclu
sion
s of
this
1988
workshop dealt with the following subjects:
0
Rese
arch
Need
s - E
pide
miol
ogic
al s
tudi
es of
poss
ible
heal
th i
mpac
ts of
hum
an e
xpos
ure
to
Grea
t La
kes
cont
amin
ants
are
need
ed n
ow.
Emph
asis
shou
ld b
e pl
aced
on h
ighl
y ex
pose
d
popu
lati
ons
such
as c
onsu
mers
of Gr
eat
Lake
s fis
h. I
nves
tiga
tion
s of
curr
ent
meth
odol
ogie
s,
vali
dati
on te
chni
ques
, ma
rker
s of
expo
sure
and
surv
eill
ance
of t
empo
ral
and
spat
ial p
atte
rns
of disease are needed.
0
Dat
a B
ase
s - T
her
e is
a ne
ed
for
grea
ter
coo
rdi
nat
ion
and
stan
dard
izat
ion
in t
he r
epor
ting
of
data
, a n
eed
to p
romo
te t
he d
evel
opme
nt o
f ha
rmon
ized
tumo
r an
d bi
rth d
efec
ts re
gistr
ies
and
a ne
ed f
or a
high
stan
dard
of qu
alit
y as
sura
nce
and
qual
ity c
ontr
ol in
the
data
base
s us
ed
for assessment.
0
Stud
y Cr
iter
ia -
Well
-def
ined
crite
ria s
houl
d be
used
to de
term
ine
whet
her
it is
nece
ssar
y to
spe
nd r
esou
rces
on a
n ep
ide
mio
log
ica
l st
udy
of a
sma
ll n
umb
er
of c
ases
iden
tifi
ed b
y th
e
public, the media or physicians’ reports.
0
Fun
din
g - J
uris
dict
ions
nee
d to
allo
cate
fun
ds s
peci
fica
lly
for
epi
dem
iol
ogi
cal
inve
stig
atio
ns
pertinent to Great Lakes issues.
2.2.5 RECOMMENDATIONS
BetW
een
1978
and
1988
, the
Com
mit
tee
mad
e th
e fo
llow
ing
majo
r re
comm
enda
tion
s to
the
Boar
ds:
2.2.5.1 Toxicity Assessments of Chemicals
In order for accurate risk assessments of contaminants to be made:
0
The
juri
sdic
tion
s sh
ould
take
imme
diat
e act
ion t
o ver
ify c
once
ntra
tion
s an
d re
view
the
pote
ntia
l for
impa
ct o
f tho
se c
hemi
cals
indi
cate
d to
be a
t lev
els-
of-c
once
m for
hum
an h
ealt
h
in the areas of the Great Lakes basin identified by the Committee.
0
Surv
eill
ance
for
con
tam
ina
nts
in w
ate
r an
d fi
sh s
hou
ld b
e ca
rrie
d ou
t an
d li
sts o
f ch
emi
cal
subs
tanc
es p
rese
nt in
the b
asin
ecos
yste
m (i
nclu
ding
their
leve
ls a
nd d
istr
ibut
ion,
quan
tity
manu
fact
ured
and
use
and
rele
ase)
shou
ld b
e co
ntin
uall
y up
date
d. G
uida
nce
on t
hose
chem
ical
s tha
t sh
ould
be i
nclu
ded
in s
uch
prog
rams
has
been
prov
ided
by t
he C
ommi
ttee
on
an ongoing basis.
0
Toxi
city
inf
orm
ati
on s
hou
ld b
e de
vel
ope
d fo
r ch
emi
cal
s fo
und
in s
ubst
anti
al q
uant
itie
s in
the
bas
in a
s we
ll a
s fo
r ch
emi
cal
s in
wid
esp
rea
d us
e fo
r wh
ich
it is
not
curr
entl
y av
aila
ble.
0
Env
iro
nme
nta
l re
sear
cher
s, p
olit
icia
ns a
nd
mem
ber
s of
the
med
ia
mus
t wo
rk m
uch
har
der
to
prov
ide
resp
onsi
ble i
nfor
mati
on o
n en
viro
nmen
tal
cont
amin
ants
to th
e pub
lic.
Scien
tific
info
rmat
ion,
with
out
adeq
uate
deﬁn
itio
n an
d re
fere
nce t
o reg
ulat
ory
stan
dard
s, c
an b
e
unduly alarming.
11
 
 2.2.5.2 Assessment of Microbiological and Chemical Concerns in Water
To continue to ensure and/or enhance the protection of public health within the basin from the
effects of microbial and chemical agents:
Drinking and Surface Water Quality
0
Modification of drinking water treatment at the plant or at the consumer (point-of-use)
should be undertaken with caution and on an individual basis, following adequate studies to
determine the efﬁcacy of the modified treatment process in removing chemical contaminants
of concern, while considering possible adverse impacts on the microbiological quality of the
product water
0
Jurisdictions should encourage and enforce, as may be necessary, the operation of each water-
and wastewater'treatment plant in the Great Lakes basin in accordance with both the stated
and approved design criteria for the plant and best operating practices
0
Additional research should be undertaken to investigate the removal of unconventional con-
taminants by conventional water and wastewater treatment systems, with an emphasis on the
potential benefits to be derived from the high-efficiency removal of particulate matter in
combination with consistently reliable operations
0
The Science Advisory Board, in its review of groundwater contamination affecting the Great
Lakes Basin Ecosystem, should include those groundwater resources serving or potentially to
serve the residents of the basin as sources of potable water
0
Health authorities, epidemiologists and appropriate control agencies should be encouraged to
make every effort to investigate and report fully on waterborne disease
Recreational Water Quality
0
A
more rational basis of our understanding of health risks from swimming in microbiologi-
cally-contaminated recreational waters should be obtained through additional research
2.2.5.3 Epidemiological Research
To
provide a basis for epidemiological studies, the jurisdictions should:
0
Attempt
to develop monitoring programs
which are coordinated among
neighboring jurisdic-
tions and
programs which
follow the recommendations
made
by
the Committee through its
Roundtable
on
Monitoring and
Surveillance to
ensure that they provide
data suitable for
health risk assessment
0
Have
a
formal
mechanism
to report data
through
theIJC
from
monitoring programs
carried
out
by
local utilities, municipalities and
authorities
The
fate of these recommendations
is largely
unknown.
Some
may
have
beenincorporated
into
recommendations
made
by
the
Boards
to the
IIC, but
unlike recommendations
made
by
the
Research
Advisory
Board
(1973-1985)
and
the Science Advisory
Board
that were
recently
tracked
by
the
Parties,
these have not been tracked.
2.3
R
E
V
I
E
W
O
F
H
U
M
A
N
H
E
A
L
T
H
C
O
N
S
I
D
E
R
A
T
I
O
N
S
IN
T
H
E
W
O
R
K
O
F
T
H
E
W
A
T
E
R
Q
U
A
L
I
T
Y
B
O
A
R
D
A
N
D
T
H
E
S
C
I
E
N
C
E
A
D
V
I
S
O
R
Y
B
O
A
R
D
During
1988,
the Water
Quality
Board
and
the Science
Advisory
Board
held
wide-ranging
discus-
sions
(separately
and
jointly)
about
how
human
health
was
being
considered
by
both
Boards.
One
outcome
of
these
discussions
was
an
agreement
that
it would
now
be
more
appropriate
for the
Commit-
tee
to
report
exclusively
to
the
Science
Advisory
Board,
rather
than
jointly
to
both
Boards.
Following
this agreement,
in
August
1988,
a workshop
was
convened
in Toronto
by
the Co-Chairs
of
the Science
Advisory
Board
to
examine
the
problems
associated
with
assessing
human
health
effects
resulting
from
exposure
to
hazardous
substances
and
agents
and
to
discuss
the
future
role
of the
Committee.
As
a
result,
the
Committee
was
renamed
the
Health
Committee
and
its terms
of reference
were
revised as follows:
12
 0
Inte
rpre
t an
d ad
vise
on p
ubli
c pol
icy a
s rel
ated
to th
e hu
man
heal
th as
pect
of e
nvir
onme
ntal
"
quality problems in the Great Lakes Basin Ecosystem
0 Provide to the IJC and its Boards: -
-
the
curr
ent s
tate
of k
nowl
edge
and
data
gaps
on e
xpos
ure
of h
uma
ns t
hrou
gh a
ll me
dia
to toxic contaminants
-
an e
valu
atio
n of
the
rela
tion
ship
s be
twee
n ex
posu
re t
o ha
zard
ous
subs
tanc
es o
r ag
ents
and human health status (e.g. risk evaluation)
‘ -
the
fra
mew
ork
and
usef
ulne
ss o
f an
inte
grat
ed a
sse
ssm
ent
of b
iolo
gica
l ma
rke
rs
0
Adv
ise
on t
he d
eve
lop
men
t of
a co
mpr
ehe
nsi
ve a
ppr
oac
h fo
r mo
nit
ori
ng a
nd s
urve
illa
nce
of
hum
an e
xpos
ure
and
for r
esea
rch o
n ea
rly m
arke
rs o
r ind
icat
ors o
f eff
ects
0
Adv
ise
on t
he d
eve
lop
men
t of
stra
tegi
es f
or d
isea
se p
rev
ent
ion
and
heal
th p
rom
oti
on b
y
redu
ctio
n or
elim
inat
ion o
f bo
th d
irec
t an
d in
dire
ct ex
posu
re o
f hu
man
s to
pote
ntia
lly
hazardous substances or agents
The
se r
evis
ed t
erm
s of
refe
renc
e em
pha
siz
e a
new
proa
ctiv
e ro
le f
or t
he H
eal
th C
omm
itt
ee.
Thi
s
role
is p
arti
cula
rly
evi
den
t in
ter
ms 3
and
4 of
the
revi
sed
ter
ms o
f re
fere
nce,
whi
ch s
tres
s th
e im
por
—
tanc
e of
deve
lopi
ng a
comp
rehe
nsiv
e (or
ecos
yste
m) a
ppro
ach
for m
onit
orin
g hu
man
expo
sure
and
stra
tegi
es f
or d
isea
se p
rev
ent
ion
and
heal
th p
rom
oti
on.
The
revi
sed
ter
ms o
f re
fere
nce
also
rea
fﬁr
m an
d
stre
ngth
en t
he ad
viso
ry f
unct
ion o
f the
Com
mit
tee
in te
rms
of th
e II
C an
d its
Boar
ds,
whil
e de
-emp
ha-
sizi
ng it
s res
pons
ibil
ity f
or co
nduc
ting
toxi
colo
gica
l an
d ep
idem
iolo
gica
l ass
essm
ents
. Cl
earl
y, it
is
imp
ort
ant
that
the
Part
ies
ens
ure
suc
h as
ses
sme
nts
are
und
ert
ake
n in
a sc
ient
ific
ally
rigo
rous
man
ner
;
ther
e is
also
an i
mpo
rta
nt,
and
com
ple
men
tar
y, r
ole
for
the
Hea
lth
Com
mit
tee
to c
omm
ent
and
adv
ise
the
IIC a
nd i
ts Bo
ards
on t
hese
asse
ssme
nts.
It is
likel
y tha
t the
se di
stin
ctio
ns wi
ll b
eco
me c
lear
er in
the
future.
2.4
SU
MM
AR
Y O
F A
CT
IV
IT
IE
S R
EL
AT
ED
TO
HE
AL
TH
AN
D
EN
VI
RO
NM
EN
TA
L C
ON
CE
RN
S I
N T
HE
GR
EA
T L
AK
ES
BA
SI
N
ECOSYSTEM 1988-1989
The
re h
ave
bee
nma
ny
acti
viti
es r
elat
ed t
o he
alth
and
env
iro
nme
nta
l co
nce
rns
in t
he G
rea
t La
kes
Bas
in E
cos
yst
em e
ithe
r wi
thi
n th
e la
st f
ew y
ears
or s
che
dul
ed w
ith
in t
he n
ext
year
. T
he
acti
viti
es o
f th
e
new
Hea
lth
Com
mit
tee
sho
uld
be v
iew
ed
as p
art
of t
his
gene
ral
incr
ease
d co
nce
rn a
bou
t h
uma
n he
alth
in the region. These other activities include:
0
The
198
0 jo
int
lett
er f
rom
the
Gre
at L
ake
s Fi
sher
ies
Com
mis
sio
n to
the
US.
Dep
art
men
t of
Stat
e an
d Ca
nad
ian
Dep
art
men
t of
Exte
rnal
Affa
irs
call
ing
for
a re
fere
nce
rela
ting
toxi
c
che
mic
als
and
fish
heal
th
-
0
The
sect
ion
on
"To
xic
Con
tam
ina
nts
Issu
es”
in t
he R
epo
rt o
f th
e Na
tio
nal
Res
ear
ch C
oun
cil
of
the United States and the Royal Society of Canada (1985)
0
In M
arc
h 19
88,
the
Hum
an
Hea
lth
Effe
cts
Com
mit
tee
hel
d a
.
wor
ksh
op i
n To
ron
to e
ntit
led
"Th
e Ro
le o
f Ep
ide
mio
log
y in
Ass
ess
ing
the
Effe
cts
of G
rea
t
Lakes Water Quality on Human Health"
0
In O
cto
ber
1988
, th
e Gr
eat
Lak
es C
oali
tion
of P
ubli
c He
alt
h As
soci
atio
ns h
eld
a co
nfe
ren
ce i
n
Chic
ago
enti
tled
"The
Grea
t La
kes
Basi
n: A
Regi
onal
Focu
s on
the E
nvir
onme
nt a
nd H
uma
n
Health”
0
In M
arc
h 19
89,
the
Cou
nci
l of
Gre
at L
ake
s Re
sea
rch
Man
age
rs
hel
d a
wor
ksh
op i
n Ch
ica
go t
o
dete
rmin
e th
e st
reng
th of
caus
e an
d ef
fect
rela
tion
ship
s be
twee
n ex
posu
re t
o tox
ic c
hemi
cals
and observed effects in biota
0
Also
in M
arc
h 19
89,
the n
ew H
ealt
h Co
mmi
tte
e he
ld a
wor
ksh
op t
o di
scus
s re
sear
ch st
rate-
gies
for t
he r
elat
ions
hip b
etwe
en h
uma
n he
alth
and
the
envi
ronm
ent
in th
e Gr
eat
Lake
s Ba
sin
Ecosystem (see section 2.5 below)
0
In A
pril
1989
, the
Grea
t La
kes
Pro
gra
m of
the
Stat
e Un
iver
sity
of N
ew
York
at Bu
ffal
o
orga
nize
d a d
isci
plin
e-ba
sed
wor
ksh
op e
ntit
led “
Eval
uati
ng R
isks
to H
uma
n He
alth
Asso
ciat
ed w
ith
Expo
sure
to To
xic
Chem
ical
s in
the
Grea
t La
kes
Basi
n Ec
osys
tem”
in
Nia
gara
-on-
theL
ake.
This
prel
imin
ary
wor
ksh
op w
as p
art o
f a p
lann
ing
proc
ess
to h
old
a
larger international conference
13
  
   
The Great Lakes Program of the State University of New York at Buffalo is planning to hold
an international conference in Buffalo (September 30-October 3, 1989) with the same title as
the previous discipline-based workshop. The conference will examine if there are threats to
human health from toxic chemicals in the Great Lakes Basin Ecosystem, and if so, what are
they, how can they be dealt with, and what additional policy and research actions are needed
0 In the fall of 1989, it is expected that the United States-based Conservation Foundation and
the Canadian-based Institute for Research on Public Policy will release their joint report on
the State of the Great Lakes
0 Also in the fall of 1989, it is expected that the Canadian government (Environment Canada,
Fisheries and Oceans Canada, and Health and Welfare Canada) will release its report
summarizing the effects of toxicchemical exposures on wildlife and human health in the
Great Lakes Basin Ecosystem
A 1989 Great Lakes United resolution calling for a "toxics freeze"
Recent surveys of Canadians which show that nine out of ten people questioned felt that their
health has already been damaged by toxic chemicals in the environment. This view is proba-
bly not limited to Canadians
 
The large number of activities related to the effects of toxic chemical exposures on human health is
indicative of the high level of concern about this matter in the region.
2.5 REVIEW OF HEALTH COMMITTEE ACTIVITIES 1988-1989
The first meeting of the revised Health Committee was held in Detroit, in December 1988. At the
meeting, a work plan for the remainder of F/Y 1988—89 was agreed upon. The work plan comprised of
two main items: publication of the proceedings of the workshop on the Role of Epidemiology in Assess-
ing the Effects of Great Lakes Water Quality on Human Health convened by the previous Human
Health Effects Committee, and held in Scarborough, Ontario in 1988, and the organization of a work-
shop to discuss research strategies for the relationship between human health and the environment in
the Great Lakes Basin Ecosystem.
The workshop was held in Chicago in March 1989. It brought together experts from a wide range
of health science disciplines, including epidemiology, toxicology and the social and behavioural sci-
ences, to discuss possible research strategies for the Great Lakes Basin Ecosystem.
The workshop opened with a review of existing data on health effects of toxic chemical exposures
in
and wildlife populations. The review emphasized that there is good evidence that wilder
populations are affected, but less evidence for human populations. Progress has also been made in
understanding the mechanisms of action of toxic chemicals at the subcellular, cellular, tissue and organ
levels. In some cases, these mechanisms of action are similar in wildlife species and humans, and
suggest a relatively small number of ways in which toxic chemicals can disrupt normal metabolic
processes. These ways include enzyme induction/suppression, glucocorticoid hormone induction/
suppression, and immunosuppression. Research is also being conducted on the effects of toxic chemi-
' cals on intercellular biochemical pathways.
Subsequently, participants were divided into three general groups according to discipline (epi-
demiology, toxicology and biological sciences, and social and behavioural sciences) to discuss the
current state of research in each general discipline and how state-of-the-art techniques and methodolo-
gies could be applied to human populations in the Great Lakes Basin Ecosystem. Following this discus-
sion, plenary talks which emphasized interdisciplinary and multidisciplinary approaches were held on
each general discipline. On the second day, participants were invited to discuss how they would study
exposed populations and what methodologies and techniques should be applied. The workshop
concluded with a brief discussion of how environmental health research is related to the process of
public policy.
The workshop generated stimulating, wide-ranging and frank discussions. It was generally agreed
that research into biochemical markers is desirable and represents an important new direction in toxicol-
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 ogy.
Howe
ver,
some
parti
cipan
ts em
phas
ized
that b
ioche
mical
mark
ers a
re us
ually
not s
pecif
ic to
a
part
icul
ar c
hemi
cal
expo
sure
and,
mor
e im
port
antl
y, m
ay n
ot b
e in
dica
tive
of a
ny a
dver
se h
ealt
h eff
ects.
It wa
s sug
gest
ed th
at be
fore
bioch
emica
l mar
kers
can b
e app
lied
to ex
pose
d hu
man
popul
ation
s, mo
re
resea
rch a
nd de
velo
pmen
t is n
ecess
ary t
o clar
ify th
eir si
gniﬁc
ance.
Many
parti
cipan
ts we
re of
the
opini
on th
at as
well
as re
searc
hing
new
techn
iques
to st
udy e
xpos
ed po
pulat
ions,
exist
ing p
ublis
hed
studi
es in
dicat
ing a
relat
ionsh
ip be
twee
n exp
osur
e and
healt
h sho
uld b
e rep
licat
ed an
d exp
ande
d. T
his
actio
n is i
mpor
tant
beca
use o
nly a
few s
tudie
s hav
e dem
onst
rate
d a r
elati
onshi
p and
achie
ved m
ain-
stre
am s
cient
ific
acce
ptan
ce.
This
limi
tati
on ap
plie
s to
Stud
ies
cond
ucte
d in
the
Grea
t La
kes
Basi
n
Ecos
yste
m and
elsew
here.
It is a
lso d
esira
ble t
o iden
tify,
wher
e app
ropri
ate,
new
expo
sed h
uman
cohorts (e.g. fish eaters in Ontario) and study health effects in them.
Clea
rly,
it is
impo
rtan
t to
also
stud
y so
cial
and
beha
viou
ral
effec
ts in
expo
sed
coho
rts,
as we
ll a
s
adve
rse
phys
ical
heal
th ef
fects
. Me
ntal
heal
th a
nd w
ell-
bein
g ar
e im
port
ant
comp
onen
ts o
f ove
rall
heal
th s
tatu
s an
d ca
n be
dete
rmin
ed i
n soc
ial a
nd b
ehav
iour
al s
tudi
es.
Ther
e wa
s co
nsid
erab
le d
iscu
s-
sion
abou
t rec
ent d
evel
opme
nts i
n ter
ms of
socia
l and
behav
ioura
l eff
ects o
f che
mical
expo
sure
in
wildl
ife p
opula
tions
. Par
ticip
ants
agre
ed th
at st
andar
dized
meth
odol
ogie
s sho
uld b
e dev
elop
ed to
investigate if analogous effects are occurring in exposed human populations.
Anot
her
issu
e em
phas
ized
by t
he so
cial
and
beha
viou
ral
scien
tists
was
the n
eed
to st
udy
risk
comm
unic
atio
n me
thod
olog
ies.
At p
rese
nt,
the p
ubli
c is
ofte
n ex
trem
ely
alar
med
by c
hemi
cal
expo
-
. sur
es, w
hic
h th
ey p
erce
ive
to be
dam
agi
ng t
heir
heal
th.
Yet
actu
al o
r es
tima
ted
risk
is of
ten
subs
tan-
tiall
y les
s th
an p
erce
ived
risk
s for
invo
lunt
ary
chem
ical
expo
sure
. Of
ten
this
situ
atio
n is
reve
rsed
for
risk
s wh
ich
are
volu
ntar
ily
acce
pted
. Si
mply
quan
tify
ing
risk
esti
mate
s is
not
alwa
ys d
esir
able
beca
use
it ca
n im
ply
an u
nint
enti
onal
valu
e sy
stem
, an
d ta
lkin
g ab
out
’safe
ty’ c
an g
ive a
n il
lusio
n tha
t a z
ero
risk
envi
ronm
ent
is po
ssib
le.
Wha
t is
need
ed i
s re
sear
ch o
n ho
w to
comm
unic
ate
info
rmat
ion
on r
isks
resu
ltin
g fr
om l
ong-
term
, lo
w le
vel m
ulti
ple
chem
ical
expo
sure
s, w
hen
thes
e ris
ks ar
e kn
own
, an
d als
o
how
to c
ommu
nica
te c
ircu
msta
nces
whe
n th
ere
are
inad
equa
te o
r no
scien
tific
data
avai
labl
e.
The
matt
er o
f rea
l life
, lon
g-te
rm,
low
leve
l mul
tipl
e ch
emic
al e
xpos
ures
is al
so im
port
ant
in
rela
tion
to th
e sci
enti
ﬁc ac
cept
ance
of ca
use
and
effec
t an
d th
e re
sult
ant w
ays
in w
hich
scien
tific
re-
sear
ch is
cond
ucte
d. T
his
view
and
its c
onse
quen
ces
mak
e it
difﬁ
cult
to in
vest
igat
e th
e eff
ects
of lo
ng-
term
, lo
w lev
el, m
ulti
ple
chem
ical
expo
sure
s be
caus
e ma
ny c
hemi
cals
caus
e sim
ilar
effec
ts an
d of
ten
thes
e eff
ects
are s
imil
ar to
thos
e ca
used
by n
on—c
hemi
cal
agen
ts.
Also
, in
som
e ca
ses
chem
ical
expo
sure
s
can
be s
yner
gist
ic o
r ant
agon
isti
c, ra
ther
than
simp
ly a
ddit
ive.
In o
ther
case
s, ef
fects
may
not
be a
ppar
-
ent
for m
any
year
s aft
er th
e ex
posu
re(s
) co
mme
nce
d.
In s
umm
ary
, re
sear
ch o
n hol
istic
way
s of
view
ing
ecos
yste
ms a
nd d
istu
rban
ces
to ec
osys
tems
are n
eede
d. T
his
rese
arch
shou
ld t
ake i
nto a
ccou
nt m
ulti
-
cause/multi-effect (which are sometimes delayed) problems.
Adve
rse
heal
th ef
fects
have
, ho
weve
r, a
lrea
dy b
een
obse
rved
in m
any
wild
life
popu
lati
ons
in th
e
Grea
t La
kes
Basi
n Ec
osys
tem.
The
resu
lts o
f the
se st
udie
s ha
ve n
ot y
et b
een
corr
elat
ed w
ith
the r
esul
ts
of th
e fe
w co
mple
ted
hum
an h
ealt
h stu
dies
. Co
rrel
atio
n wo
uld
be u
sefu
l be
caus
e it
may
sugg
est
new
dire
ctio
ns fo
r hu
man
heal
th r
esea
rch,
as we
ll as
indi
cate
if da
ta f
rom
wil
der
popu
lati
ons
are
likel
y to
be
predictive for human health.
Som
e pa
rtic
ipan
ts w
ere
of th
e op
inio
n, h
owev
er,
that
unti
l mo
re e
xten
sive
data
on h
uma
n ef
fects
are a
vaila
ble,
it ma
y be
desir
able
to us
e the
resul
ts of
studi
es on
wildl
ife p
opula
tions
as a
signi
fican
t
facto
r in d
ecisi
ons a
nd po
licie
s reg
ardin
g the
effec
ts of
chemi
cal e
xposu
res i
n hu
man
popul
ation
s.
In s
umm
ary
, th
e wo
rks
hop
gene
rate
d mu
ch l
ively
disc
ussi
on o
n th
e dif
ficul
ties
of as
sess
ing t
he
adve
rse h
uman
healt
h effe
cts r
esult
ing f
rom e
nvir
onme
ntal
expos
ures
to ch
emica
ls. T
his d
iscus
sion
will
form
a bas
is fo
r the
ongo
ing w
ork
of th
e Hea
lth C
ommi
ttee
. Cl
early
, mor
e res
earch
into
appro
priat
e
stud
y met
hodo
logi
es an
d app
ropri
ate i
nstit
ution
al an
d pro
cedur
al me
chan
isms
is nec
essar
y. H
owev
er,
it is a
lso i
mpor
tant
to de
velo
p pro
tocol
s, te
chniq
ues a
nd me
thod
olog
ies t
o—det
ermin
e whe
n it i
s app
ro-
priat
e to c
ondu
ct he
alth
studi
es. I
n som
e ins
tance
s, it
may
not b
e app
ropri
ate t
o con
duct
healt
h stud
ies,
beca
use s
uch s
tudie
s wou
ld no
t gen
erate
usefu
l res
ults.
In ot
her i
nstan
ces,
it ma
y be
simpl
er to
take
15
 
  
action to control the likely cause of the problem rather than to study it. These and related matters are
discussed further in the next section.
The Health Committee, by being proactive about human
health in the Great Lakes basin seeks to
ensure that human health concerns are given appropriate weight in decision making processes, and
that
health improvements occur as a result.
These improvements are more likely to happen if well-planned
and executed
studies are conducted using the most
recent advances
in research methodologies
and
if the
results of such studies are communicated to a broad audience of concerned
and responsible individuals,
agencies and groups.
2.6
FUTURE
H
E
A
L
T
H
C
O
M
M
I
T
T
E
E
ACTIVITIES
1989-1990
Follong
its successful
workshop
in Chicago in
March
1989,
the Health
Committee
will be
further
examining
two
matters raised
at the workshop
in 1989-1990.
First,
the Committee
will
be
examining
the
question:
under
what
circumstances
can
one
expect
to
obtain useful results from
epidemiological
studies of human
populations?
In many
cases, epidemiologic
studies are
unable
to detect
health
effects resulting from
exposures
to toxic
chemicals,
not
necessarily
because
of
the
absence
of such
effects, but
simply
because
existing
epidemiologic
methodologies
are
insufficiently sensitive
to detect
them.
For
example,
a very
large
sample
size
will be
required
to detect
a
rare
health
effect.
In
these
cases, it may
be
more
appropriate
to
examine
the
feasibility of
alleviating
the
possible cause(s)
of the
suspected
health
effect(s), rather
than
to
attempt
to
apply
epidemiologic
method-
. ologies
which
are
likely
to
produce
equivocal
results.
This
procedure
is
especially
important
because
there
are
usually
limited
financial
and
human
resources
available.
Alternatively,
other
responses,
such
as
public
participation
or
education
programs
m
a
y
be
more
appropriate.
It would
therefore
be
helpful
for
the
Committee
to
examine
this general
matter
within
the
context
of
h
u
m
a
n
exposures
to
toxic
chemicals
in
the
Great
Lakes
Basin
Ecosystem.
Second,
the
Committee
will
be
examining
the
question:
w
h
e
n
studies
are
warranted,
what
types
of
’
methodologies
a
n
d
health
indicators
should
be
used?
K
n
o
w
i
n
g
h
o
w
to
study
exposed
h
u
m
a
n
s
is
at
least
as
important
as
knowing
w
h
e
n
to
study
them.
The
Committee’s
examination
of
this
question
will
build
o
n
the
discussions
at
the
Chicago
wo
r
k
s
h
o
p
on
research
strategies
in
epidemiology,
the
toxicologi-
cal
a
n
d
biological
sciences,
a
n
d
the
social
and
behavioural
sciences.
It
will
also
consider
the
research
strategies
currently
being
used
to
study
wildlife
populations,
with
a
view
to
developing
better
method-
ologies
to
study
h
u
m
a
n
health.
A
n
o
t
h
e
r
important
research
area
is
the
implications
of
biochemical
changes
(biomarkers)
at
the
subcellular,
cellular,
tissue
a
n
d
organ
levels
in
wildlife
a
n
d
h
u
m
a
n
s
for
exposed
h
u
m
a
n
populations
a
n
d
their
health.
It
m
a
y
also
be
appropriate
to
ask
if
there
is
a
difference
b
e
t
we
e
n
the
types
of
methodolo-
gies
that
could
b
e
us
e
d
to
study
concerns
academically,
f
r
o
m
a
purely
research
perspective,
as
c
o
m
-
pared
with
studying
concerns
practically
f
r
o
m
a
policy,
p
r
o
g
r
a
m
or
action
perspective.
For
example,
it
m
a
y
b
e
desirable
to
use
"tried
a
n
d
true”
methodologies
to
study
problems
for
policy,
p
r
o
g
r
a
m
or
action
purposes,
whereas,
for
those
being
studied
for
purely
academic
purposes,
m
o
r
e
innovative
methodolo-
gies
can
b
e
attempted.
Clearly,
research
can
h
a
ve
practical
applications
a
n
d
this
d
i
c
h
o
t
o
m
y
b
e
t
we
e
n
p
u
r
e
a
n
d
applied
m
e
t
h
o
d
o
l
o
g
i
e
s
is
not
absolute,
but
it s
h
o
ul
d
b
e
explored
in
the
context
of
h
u
m
a
n
health
studies
in
the
Great
Lakes
Basin
Ecosystem.
In
the
H
e
a
l
t
h
C
o
m
m
i
t
t
e
e
’
s
opinion,
both
of
these
initiatives
will
assist
the
public
a
n
d
g
o
v
e
r
n
m
e
n
t
agencies
in
un
d
e
r
s
t
a
n
d
i
n
g
w
h
e
n
a
n
d
h
o
w
to
study
h
u
m
a
n
health
effects
of
toxic
chemical
exposures
in
the
Great
Lakes
Basin
Ecosystem.
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2.7 HEALTH COMMITTEE RECOMMENDATIONS
All t
he re
comm
enda
tion
s whi
ch fo
llow,
excep
t the
ﬁrst r
ecom
mend
atio
n, co
ncent
rate
on re
searc
h.
This
is be
caus
e the
y wer
e for
mulat
ed as
a res
ult of
the w
orks
hop h
eld i
n Chi
cago
in Ma
rch
1989,
whic
h
focused on research needs.
The Health Committee recommends that:
0 The Parties use the results of studies on health effects in wildlife populations as a basis for decisions
and policies regarding the q‘fects of chemical exposures on human populations, pending the availability
of more information on human health
0
The P
artie
s con
duct
a bin
ation
al st
udy t
o corr
elate
the ob
serve
d effe
cts re
sulti
ng fr
om ch
emica
l exp
o-
sures in wildlife and human populations
0 The Parties sponsor research projects that replicate and expand on appropriate studies that have dem-
onstrated relationships between chemical exposures and health in human populations in the Great
lakes Basin Ecosystem and elsewhere. Also, where appropriate, new exposed cohorts be identified and
the effects of chemical exposures be investigated in these new cohorts
0 The Parties sponsor research to develop methodologies to assess the social and behavioural effects of
chemical exposure arising from water and sediment contamination and the implications for remedial
actions
0 The Parties sponsor applied research on methods of communicating information and the lack of
information on the potential health effects of chemical exposure to the public
0 The Parties sponsor research on integrated ways of understanding ecosystems and disturbances to
them. This research should take into account difficulties with single cause/single eﬁect methodologies.
The research should also address such matters as the interlinked effects of multiple, low-level, long-
term chemical exposures
0 The Parties sponsor research projects to develop new methodologies that clarify the relationship be-
tween chemical exposures and markers of biochemical change, so that these methodologies can be
applied expeditiously to human population exposures
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 3.
0
TE
CH
NO
LO
GI
CA
L
CO
MM
IT
TE
E
3.1
TH
E
HU
MA
N-
MA
CH
IN
E
IN
TE
RF
AC
E
3.1.1 INTRODUCTION
The
197
8 Gr
eat
Lak
es W
ate
r Qu
ali
ty A
gre
eme
nt c
alls
for
adv
ice
to t
he P
arti
es o
n me
tho
ds
for
avo
idi
ng
spil
ls o
f nu
tri
ent
s, t
oxi
cs a
nd
oth
er
suc
h c
ont
ami
nan
ts
fro
m in
dus
try
, tr
ans
por
tat
ion
and
mun
ici
pal
tre
atm
ent
pla
nts
int
o th
e G
rea
t La
kes
. T
he
Boa
rd
req
ues
ted
tha
t th
e T
ech
nol
ogi
cal
Com
mit
-
tee
add
res
s th
ese
issu
es,
rela
ted
larg
ely
to t
he h
uma
n-m
ach
ine
inte
rfac
e in
its v
ario
us g
uise
s.
The
rec
ent
Exx
on
Val
dez
cat
ast
rop
he h
as
dem
ons
tra
ted
the
sev
ere
env
iro
nme
nta
l a
nd
eco
nom
ic
con
seq
uen
ces
of h
um
an
fail
ure
in a
mar
ine
tra
nsp
ort
ati
on s
etti
ng.
The
Com
mit
tee
con
sid
ers
tha
t t
he
pot
ent
ial
for
a d
isa
ste
r o
f c
omp
ara
ble
mag
nit
ude
exi
sts
in
the
Gre
at
Lak
es
and
not
es
par
tic
ula
rly
the
pos
sib
ili
ty o
f su
bst
ant
ial
and
sus
tai
ned
con
tam
ina
tio
n of
the
lak
es
and
the
res
ult
ing
pol
lut
ion
of d
rin
k-
ing
wat
er
sup
pli
es
of m
ajo
r ci
ties
. T
he
thr
ee w
ork
sho
ps
des
cri
bed
bel
ow
had
the
gen
era
l a
im
of e
sta
b-
lis
hin
g th
e s
cop
e of
the
pro
ble
m,
and
mos
t i
mpo
rta
ntl
y,
mea
sur
es
by
whi
ch
suc
h d
isa
ste
rs c
an
be
pre
ven
ted
. I
t is
cle
ar t
hat
emp
has
is
mus
t b
e o
n P
RE
VE
NT
IO
N,
sin
ce c
lea
nup
, a
lth
oug
h ne
ces
sar
y, i
s
usu
all
y in
eff
ect
ive
and
ext
rem
ely
cost
ly.
A s
erie
s of
rec
omm
end
ati
ons
to c
rea
te a
saf
er a
nd
mor
e
tho
rou
ghl
y u
nde
rst
ood
and
mon
ito
red
tra
nsp
ort
ati
on s
yst
em
for
haz
ard
ous
car
goe
s is
pre
sen
ted
.
W
l i 5‘ ‘
ml ,
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3.1.2 WORKSHOPS ON THE HUMAN-MACHINE INTERFACE , 1
Over the past three years the Committee has held three workshops as part of a series to identify
and clarify those problems associated with the human-machine interface which could initiate ecological
disasters or endanger the safety of drinking water supplies of cities.
The first workshop, held on April 14, 1986, discussed the role of "human factors” in accidental
releases of contaminants and other mishaps and laid the foundation for the second workshop, held on
March 17-18, 1987, which produced findings and recommendations.
At the second workshop, four work groups discussed the following topics: Scope - to delineate the
sources of spills in the Great Lakes basin, Program - a review of the current and possible jurisdictional
responses to such releases, and Technology and People - their inﬂuence on the occurrence of accidental
releases. The combined proceedings of both workshops were published in 1988; and the findings of
both workshops were summarized in the 1987 report of the Board to the Commission.
One of the major findings was that current Great Lakes databases on spills appeared inadequate.
An inability to determine the extent and impact of spills hampered estimates of this as a contaminant
source and weakened momentum toward prevention. As a result, the Committee commissioned two
contracts, one to provide more information about spills data systems in the basin in general, and another
to look at such systems at the state and provincial level. Both reports confirmed and reinforced the
earlier observation that the spill databases suffered from serious deficiencies, and identified specific
areas which needed attention: the definition of a spill, what substances constituted a spill, what data
concerning a spill should be reported, and goals and objectives for a basinwide reporting and preven-
tion system.
These questions were addressed by the third workshop, held on February 27-28, 1989, in coopera-
tion with the Great Lakes Institute of the University of Windsor. The 25 participants, including repre-
sentatives of spill-reporting agencies, as well as representatives responsible for programs and policies of
database management, reached a consensus on the elimination of data gaps and overlaps and on im-
proving the quality of reporting in this field. The findings and recommendations are summarized
below:
3.1.3 WORKSHOP RECOMMENDATIONS
3.1.3.1 Deﬁnitions
The Commission advise the Parties that the following deﬁnitions in the 1978 Agreement, Article I,
be revised as follows:
0
"Discharge": in Annex 8, Section 1, be changed from ”... into receiving waters ...” to ”... into
the Great Lakes Basin Ecosystem ...” to make the definition consistent with the statement of
“Purpose” in Article II
0
“Spill”: a sudden abnormal discharge of a hazardous polluting substance into the Great
Lakes Basin Ecosystem
0
“Abnormal”: the introduction of any hazardous polluting substance into the Great Lakes
Basin Ecosystem that is outside legally permitted, legally established or accepted customary
operating procedures
0
"Hazardous Substances”: amend the definition to include ”... into the environment”, since
the Agreement definition is restricted to direct discharge
It should be noted, however, that there may be differences in legal permit levels, established legal
standards and accepted customary levels of discharges in the various jurisdictions. Sewage treatment
plant bypasses are allowed in jurisdictions under varying criteria.
20
 3.1.3.2 Data Management
It is recommended that:
0
The I
JC id
entif
y for
possi
ble u
se by
Parti
es an
d jur
isdic
tions
the c
ompat
ibili
ty of
nome
ncla
-
ture, quantities, units of measure and quality controlof spills data
0
Data
syst
ems
be c
onso
lida
ted,
sinc
e exi
stin
g sy
stem
s ca
ptur
e on
ly a
narr
ow s
pect
rum
of
hazardous substances, reﬂecting the regulatory agency’5 mandate
The problem of non-reporting of spills be addressed
Spill
s dat
a pr
ovid
ed b
y th
e Par
ties
be a
ccep
ted
and
the q
uant
itie
s en
tere
d ac
cord
ing
to
guidelines to be developed under Commission auspices
Effluents identified by the Parties be accepted
Each
part
y sh
ould
desi
gnat
e a l
ead
agen
cy t
o co
ordi
nate
spill
s dat
a co
llec
tion
and
repo
rtin
g
in accordance with Annex 8 of the Agreement
NOT
E:
The
defi
niti
on of
haza
rdou
s po
llut
ing
subs
tanc
es in
the A
gre
eme
nt a
llow
s th
e Par
ties
to
iden
tify
"any
elem
ent
or c
omp
oun
d” a
s suc
h. I
t be
left
open
to e
ach
juri
sdic
tion
to pr
epar
e lis
ts of
repo
rtab
le s
ubst
ance
s an
d re
port
able
quan
titi
es.
The
size
of th
e lis
t, to
geth
er w
ith
quan
titi
es, w
ill
determine the scope of the spills database.
3.1.3.3 Data Collection
0
It is
rec
omm
end
ed t
hat t
he Pa
rtie
s joi
ntly
wor
k to
ward
s th
e st
anda
rdiz
ing
of ex
isti
ng sp
ills
reporting systems for the Great Lakes Basin Ecosystem
Initial Data Capture
— Material name
(pick one or more)— - CHRIS code
— Name - other (alternative)
- CAS number
- UN-DOT number
- Date of incident/ spill
— Amount
(pick one or more) - Volume
- Weight mass (alternative)
— Percentage recovered
— Location
(pick one or more) — City/county/state/ province
- Latitude/longitude
- UTM
— Environment affected
(pick one or more) — Land
- Land/water
- Water
- Air
— Source
—- Cause
- Originator identification
21
  
  
The IIC should be provided with:
- QUALITY — Control and veriﬁcation of all data
- QUANTITY — Precise accuracy
— Common units
— Release rates
SOURCES -— Geographical location
- Mode: air/ marine/rail/ fixed
facility, etc.
— Data: who provided?
TYPE/CAUSE ' - Act of God /human failure/ mechanical
failure (requires special I[C detailed
analysis and interpretation by skilled
investigators, case-by-case)
Reports must be cross-referenced to avoid duplication.
   
SHORT-TERM-GOALS
MATERIAL \
QUANTITY
i—bTRENDS
-
—
>
RECOMMENDATIONS
SPILL-LOCATION /
LONG-TERM-GOALS
CAUSE
TRENDS —> RECOMMENDATIONS
IMPACT /
  
The Water Quality Board should be the entity to receive and evaluate spills data for the IJC.
It is suggested that the IJC recommend to the Parties that data on circumstances involving hazard-
ous polluting substances, which do not result in a release, be provided to the IJC. It is not intended that
any additional reporting or recording burdens be placed on response groups to capture this information,
yet it must be separable from data on established spills.
NOTE: Potential Release or "Near-Miss” Situations.
There is a problem with gathering informa-
tion for use in evaluating "near-miss" or potential release situations.
Potential release information can
22
 yield
a val
uable
insig
ht in
to ac
ciden
t or s
pill p
reven
tion.
This
infor
matio
n is a
lread
y col
lecte
d in t
he
Us.
by t
he Na
tion
al R
espo
nse
Cent
er (
NRC
) as
a “sp
ills”
even
t an
d ce
rtai
n typ
es o
f pot
enti
al re
leas
es
are r
eport
ed to
Trans
port
Cana
da un
der t
he Da
nger
ous G
oods
Act,
Secti
on 91
4 (D)
TDG
Regul
ation
s
(e.g.
“dam
aged
bulk
conta
inmen
t”).
This
type
of re
port
has n
othi
ng to
do wi
th th
e loa
ding
of po
lluta
nts
in th
e Gr
eat
Lake
s Ba
sin
Ecos
yste
m an
d is,
ther
efor
e, n
ot i
nclu
ded
as pa
rt of
the
defi
niti
on of
a spi
ll fo
r
the I
IC.
It ca
n, h
owev
er,
be u
sed
for e
merg
ency
plan
ning
exer
cise
s for
the I
]C t
o ass
ess w
heth
er c
urre
nt
poli
cies
or sa
fety
rule
s ar
e fu
ncti
onin
g pr
oper
ly as
well
as p
rovi
de o
ther
valu
able
insig
hts.
For
exam
ple,
this i
nform
ation
may
preve
nt a
year
with
many
"near
-miss
es” b
ut fe
w act
ual sp
ills f
rom b
eing
inter
-
preted as part of a trend of lessening risk.
3.1.3.4 Analysis and Reports
The
crea
tion
of a
cent
ral c
lear
ingh
ouse
(pre
fera
bly
the I
IC) f
or sp
ills
data
, the
ir an
alys
es a
nd
the p
repar
ation
of re
ports
and r
ecom
mend
atio
ns fo
r spil
l pre
venti
on me
asur
es is
an ob
viou
s
necessity given the scope of the problem
It is
furt
her r
eco
mme
nde
d th
at th
e IJ
C coo
rdin
ate
the a
cqui
siti
on a
nd a
naly
sis
of th
e inf
orma
—
tion
with
assis
tance
from
the P
artie
s and
juris
dicti
ons.
The
purp
ose o
f the
activ
ity is
to:
-
asse
ss th
e lo
adin
gs f
rom
spill
even
ts a
nd i
dent
ify t
heir
rela
tive
impa
ct o
n wa
ter
qual
ity
in the Great Lakes
-
iden
tify
the
tren
ds in
spill
s an
d th
eir c
ause
s by
mode
s, i
ndus
tria
l sec
tors,
juri
sdic
tion
-
heig
hten
awar
enes
s of
spill
s in
the e
cosy
stem
and
focu
s on
in-p
lace
or po
tent
ial
preventive measures
-
prep
are
an a
nnua
l re
port
of G
reat
Lake
s ba
sin
data
and
effor
ts to
ward
s th
ese a
ctivi
ties
-
prep
are
an a
nnua
l or
peri
odic
revi
ew a
nd e
valu
atio
n of
the q
uali
ty of
data
coll
ecte
d an
d
effectiveness of methods and approach used in the analyses
3.1.3.5 Research and Education
3.1.4
The
IIC s
pons
or a
confe
rence
— at
least
bienn
ially
— wh
ere G
reat
Lake
s bas
in is
sues
and
resea
rch d
irect
ions
regar
ding
spill
impa
ct an
d pre
venti
on ca
n be
discu
ssed
and
progr
ess
presented
Deve
lop
shor
t- a
nd l
ong-
term
rese
arch
goal
s an
d en
sure
that
IIC r
esea
rch g
oals
are
com
mun
i-
cated to spills database managers. This is an ongoing activity of the Committee
COMMITTEE RECOMMENDATIONS TO THE SAB
The
Tech
nolo
gica
l Co
mmi
tte
e re
com
men
ds t
hat t
he S
AB s
uppo
rt t
he r
ecom
mend
atio
ns o
f th
e
workshop with the following modifications:
That
the w
ord
’sud
den'
be in
serte
d bef
ore t
he wo
rd ’
abno
rmal
’ in
the d
efini
tion
of a
spill
That
the r
espon
sibil
ity f
or sp
ill d
ata
mana
geme
nt b
eass
igne
d to
the W
ater
Qual
ity
Boar
d. I
n ord
er to
facil
itate
the i
mple
ment
atio
n of
spill
data
mana
geme
nt a
nd sp
ill p
reve
ntio
n act
iviti
es by
the W
QB
and
the P
artie
s, it
is re
comm
ende
d tha
t the
Comm
itte
e of
the W
QB
plan
a wo
rksh
opfo
r the
WQB
memb
ers
to pro
vide i
nform
ation
regar
ding s
pill d
ata m
anage
ment,
spill
preve
ntion
and h
uman
-mac
hine
factor
s
The C
ommi
ssio
n adv
ise th
e Part
ies of
the ur
gent
need
to imp
lemen
t spil
l prev
entio
n pro
grams
. Su
ch
programs should comprise:
- Research on the human-machine interface
- A uniform and comprehensive spill reporting system
- A Great lakes spill prevention system i
-
A ba
sinwi
de ha
zardo
us su
bstan
ces t
ransp
ortat
ion c
omma
nd an
d con
trol s
ystem
, whi
ch p
rovid
es
real-time tracking and control of the transport of all hazardous substances
- Biennial evaluation and reporting on the effectiveness of the spill reporting system
- A Biennial Spill Prevention Conference
- An annual report and recommendations regarding the prevention of spills
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 3.2 GREAT LAKES NAVIGATIONAL SAFETY AND ILLEGAL DISCHARGES
The related topic of Great Lakes Navigational Safety and Illegal Discharges, described in Annex 6
to the Agreement, "Review of Pollution from Shipping Sources," was also addressed by the Committee.
Concerns were expressed to the Committee by representatives of the Corporation of Professional Great
Lakes Pilots and the Lakes Pilots Association, Inc. regarding the implications for the safety of Great
Lakes navigation of recent Canadian legislative measures permitting relatively inexperienced mariners
access to the Seaway. Incidents of irresponsible discharges of contaminated ballast water from vessels
in the Great Lakes were cited, involving offshore-based shipping.
The Committee recommends that the Commission request:
0 Early joint consideration by the Parties of:
0 Training and examination for Masters and Pilotage requirements
0 Special requirements regarding management of hazardous cargoes, ballast and bilge-water,
includin :
- Seifling all overboard valves upon entering the Great Lakes, unsealing only under Coast
Guard supervision
- Posting notice ofapproved onshore pumping locations for waters contaminated by
hazardous substances
- Improving communications and tracking of vessels with hazardous cargoes
- Having vessels with hazardous cargoes, ballast, and bilge water accompanied by qualified
pilots who have authority to control vessel maximum speed and course and who have
charts of drinking water intakes and of designated ecologically sensitive zones
— Designating safety zones around drinking water intakes and ecologically sensitive areas
which are off-limits to vessels carrying hazardous substances, ballast, and bilge water
- Determing methods to prevent introduction of undesirable aquatic and plant life into the
Great lakes
0 Early joint consideration and action to determine the extent ofand address substance and alcohol abuse
among transportation workers
'
0 Revision by the Parties of the Definitions in Article I of the Revised 1978 Water Quality Agreement in
accordance with the recommendations of the Technological Committee
As a follow-up to the Committee recommendation concerning substance abuse among transporta-
tion workers, the Board forwarded a recommendation to the Commission in a memorandum dated
March 2, 1989 that:
0
The Commission urge the Parties to alert those agencies with responsibilities for substance abuse
programs of the acute problems in the transportation sector and take prompt action toaddress them
3.3 POLLUTION FROM CONTAMINATED GROUNDWATER
3.3.1 INTRODUCTION
Annex 16 of the Agreement refers to Pollution from Contaminated Groundwater and states that:
"The Parties, in cooperation with State and PrOvincial Governments, shall coordinate
existing programs to control contaminated groundwater affecting the boundary waters
of the Great Lakes System.”
Specific groundwater-related activities are listed for the Parties to undertake, including: the
identification of contaminated sources affecting the Great Lakes, hydrogeological mapping, the develop-
ment of standard sampling and analytical methodology, control measures, and provision of biennial
24
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 pro
gre
ss r
epor
ts o
n th
ese
acti
viti
es t
o th
e II
C. T
he
Tec
hno
log
ica
l Co
mmi
tte
e is
ree
xam
ini
ng
the
grou
ndwa
ter
cont
amin
atio
n is
sues
in th
is co
ntex
t an
d is
revi
ewin
g th
e Pa
rty r
espo
nse
to th
e 19
85 S
AB
report on this topic.
The
Tech
nolo
gica
l Co
mmit
tee
find
s th
at th
e 198
5 SA
B re
port
on t
his t
opic
has
been
subs
tant
iall
y
igno
red,
and
note
s wi
th c
onc
ern
an a
lmo
st t
otal
lack
of C
ana
da-
U5.
coo
per
ati
on a
nd c
oor
din
ati
on i
n
grou
ndwa
ter
moni
tori
ng a
nd r
esea
rch.
To r
eact
ivat
e ac
tion
on g
roun
dwat
er c
onta
mina
tion
, th
e Co
m—
mitt
ee w
ill
spo
nso
r a
wor
ksh
op a
t th
e Un
iver
sity
of W
ate
rlo
o, a
nd
hop
es t
hat
the
out
cbm
e of
the
wor
k-
shop will improve this situation.
3.4 TOXICS: THEIR SOURCES AND CONTROL
3.4.1 INTRODUCTION
The
prim
ary
purp
ose
of th
e Ag
ree
men
t is
the r
esto
rati
on a
nd m
aint
enan
ce o
f the
chem
ical
, phy
si-
cal a
nd
biol
ogic
al i
nteg
rity
of t
he G
rea
t La
kes
Bas
in E
cos
yst
em.
To
ach
iev
e th
is e
nd,
the
poli
cy o
f th
e
Part
ies i
s to
proh
ibit
the
disc
harg
e of
toxi
c sub
stan
ces
in to
xic a
moun
ts a
nd t
o vir
tual
ly e
limi
nate
the
disc
harg
e of
pers
iste
nt to
xic s
ubst
ance
s. T
he d
evel
opme
nt o
f pr
ogra
ms b
y th
e Par
ties,
in co
oper
atio
n
with
the
Grea
t La
kes
juris
dicti
ons,
is al
so r
equi
red
unde
r th
e Ag
ree
men
t fo
r the
abat
emen
t an
d co
ntro
l
of pollution from industrial sources.
The
Boar
d ha
s ca
lled
upo
n its
Tech
nolo
gica
l Co
mmit
tee
to s
tudy
the
prob
lems
of s
ourc
es a
nd
cont
rol
of t
oxic
subs
tanc
es.
Two
Com
mit
tee
acti
viti
es a
re c
urre
ntly
und
erw
ay:
an e
xam
ina
tio
n of
curr
ent a
nd e
merg
ing
tech
nolo
gies
for t
he el
imin
atio
n of
toxi
c co
mpo
und
s fr
om t
he p
ulp
and
pape
r
indu
stry
, an
d as
ses
sme
nt o
f im
pro
ved
tec
hni
que
s fo
r "m
ass
bal
anc
ing
” co
nta
min
ant
s in
the
Gre
at L
ake
s
eco
sys
tem
. T
hes
e ac
tivi
ties
reﬂe
ct t
he C
omm
itt
ee'
s co
nvic
tion
that
the
pri
mar
y pr
acti
cal
step
s to
dec
ont
ami
nat
e th
e Gr
eat
Lak
es m
ust
be l
oad
ing
redu
ctio
n, e
spec
iall
y of
toxi
c an
d pe
rsis
tent
chem
ical
s.
It is
not
clea
r wh
at t
he re
lati
ve lo
adin
gs a
re f
rom
vari
ous
poin
t an
d no
npoi
nt s
ourc
es,
incl
udin
g in
dus-
trial
, mun
icip
al,
agri
cult
ural
, gr
ound
wate
r an
d Spi
ll so
urce
s. U
ntil
the
domi
nant
sour
ces
are
bett
er
esta
blis
hed,
cont
rol
meas
ures
may
be i
neffe
ctive
. Fu
rthe
r, un
til a
quan
tita
tive
link
is es
tabl
ishe
d be
-
twe
en
loa
din
gs a
nd
qual
ity
of w
ater
, se
dim
ent
s an
d bi
ota,
the
exte
nt o
f re
qui
red
loa
din
g re
duct
ions
will
remain uncertain.
1 3.4
.2
TEC
HNO
LOG
Y F
OR
ELI
MIN
ATI
ON O
F C
ONT
AMI
NAN
TS
FRO
M P
ULP
AND PAPER EFFLUENTS
Lar
ge q
uant
itie
s (i
n to
nne
s pe
r da
y) o
f ch
lori
nate
d or
gan
ic c
hem
ica
ls a
re r
elea
sed
in t
he e
fﬂu
ent
from
pulp
and
pape
r mi
lls i
n No
rth
Amer
ica.
The
Tech
nolo
gica
l Co
mmit
tee
soug
ht c
ontr
actu
al a
dvic
e
on r
ecen
t ad
van
ces
in p
ulp
and
pap
er p
roc
ess
tec
hno
log
y to
min
imi
ze t
he g
ene
rat
ion
of s
uch
sub
sta
nce
s
in t
he p
ulp
and
pap
er i
ndus
try,
and
on p
roc
ess
rese
arch
and
proj
ects
in t
he i
niti
al s
tage
s of
dev
elo
pme
nt
in Eu
rope
and
Nort
h Am
eric
a. A
liter
ature
revi
ew w
as u
nder
take
n by
the c
ontr
acto
r, in
addi
tion
to th
e
comp
ilat
ion
of th
e su
mmar
ies
of p
aper
s pr
esen
ted
at a
rece
nt s
ymp
osi
um o
n "P
roce
sses
for M
inim
izin
g
Dis
cha
rge
of C
hlo
rin
ate
d Or
gan
ic C
omp
oun
ds”
hel
d at
the
Univ
ersi
ty o
f To
ron
to.
The
Com
mit
tee
also
sought and obtained advice from the industry.
The
repo
rt’5
ﬁndi
ngs
indi
cate
d tha
t me
asur
es t
o de
crea
se t
he a
mou
nt o
f ch
lori
nate
d or
gani
c ma
tter
in bleached pulp mill efﬂuents can be divided into two broad categories:
 
0
inte
rnal
proc
ess
meas
ures
, wh
ich
decr
ease
the
form
atio
n of
chlo
rina
ted
orga
nic
matt
er
0
exte
rnal
trea
tmen
t me
asur
es,
whic
h re
mov
e or
dest
roy
chlo
rina
ted
orga
nic
matt
er
lnte
mal
proc
ess
meas
ures
such
as o
xyge
n de
lign
ific
atio
n an
d su
bsta
ntia
l chl
orin
e di
oxid
e sub
stit
u-
tion
are a
lread
y pra
ctice
d ext
ensiv
ely i
n som
e cou
ntrie
s and
are b
ecom
ing m
ore
accep
ted i
n Nor
th
Amer
ica.
Exte
nded
deli
gnif
icat
ion i
s als
o be
ing
impl
emen
ted
in mi
lls a
roun
d th
e wor
ld.
Pulp
pret
reat
-
ments for improved selectivity in oxygen delignification are being examined.
Orga
nic
solv
ent
pulp
ing
has
reac
hed
the d
emon
stra
tion
plan
t sta
ge, w
ith
a 30
-ton
ne/ d
ay p
lant
bein
g bui
lt in
New
Brun
swic
k. W
hile
perh
aps
not
as ve
rsat
ile o
r ﬂe
xibl
e as
kraf
t pul
ping
, "o
rgan
osol
v"
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 pulps are made without sulphur and some can be fully bleached without chlorine. Biotechnical pulping
and bleaching with enzymes and fungi is being widely investigated but is still in the laboratory stage.
Interest in the efﬂuent-free or closed-cycle mill is returning. The Scandinavians have beenstudy.-
ing the feasibility of such a concept in light of new technology. The National Council of the Paper
Industry for Air and Stream Improvement, Inc. (NCASI) in the US. is supporting closed-cycle research.
Chlorine—free bleaching of kraft pulp remains at the laboratory stage, as the economic production of
high-quality bleached kraft pulp cannot be achieved without chlorine.
External treatment of efﬂuents for the removal of colour, toxicity and Biological Oxygen Demand
(BOD) is widely practiced. Recent studies have shown that these treatments can also remove chlorin-
ated organic matter. Activated sludge plants have been shown to be more efﬁcient than aerated lagoons
for organo-chlorine compound removal but work continues to improve the operation of both. Anaero-
bic processes also remove organo-chlorine compounds. Pilot-scale trials, usually in combination with
either aerobic treatment or physical/chemical separation, are being carried out. The use of enzymes and
fungi is also being studied for efﬂuent treatment on laboratory and pilot-plant scales.
Physical/chemical separation techniques are promising but are perhaps best combined with
biological treatment. Ultrafiltration is currently being used in two Japanese mills and one Swedish mill
for alkaline filtrate treatment. The treatment of acidic and combined mill efﬂuents is still in the labora-
tory stage. The lignin removal (LRP) process, which adsorbs dissolved organic matter on waste sludge
and fibres, has passed the pilot plant stage. All external processes, biological or physical/ chemical,
produce waste sludge which must be disposed of appropriately.
It is evident that several approaches are available by which the industry can reduce the formation
of organo-chlorine chemicals and treat those chemicals which are formed. The combination of process
modification and improved treatment could result in a substantial reduction in loadings without exces-
sive economic impact. A recent consumer development indirectly related to reduced loadings concerns
the use of unbleached paperwhere colour is not essential to product performance. Industry has begun
to respond to this emerging market for "environmentally friendly” products.
Several scientific problems remain which should be vigorously investigated including: improved
methods of analysis of organo-chlorines (OCs); better characterization of the natures of high molecular
weight OCs; studies of 0C fate in the aquatic environment, especially degradation and sedimentation;
studies of OC biouptake and toxicity; and studies of the extent and mechanisms of formation of the
more critical OCs, including chlorophenols, dioxins and furans. Although it is clear that OC discharges
can and should be reduced, the ultimate required levels of loading reduction are uncertain and will
remain so until there is a fuller understanding of the fate and effects of OCs and their formation and
treatment.
3.4.3 MASS BALANCING CONTAMINANTS IN THE GREAT LAKES
The Committee has reviewed existing data collection and management systems in the Great Lakes
basin for estimating loading of contaminants from all sources to the basin, and is also comparing sys-
tems used in other watersheds such as the information assembled by the US. NOAA National Coastal
Pollution Discharge Inventory. ‘
In the last decade, there have been significant improvements in our ability to describe quantita-
tively and even predict the migration of contaminants throughout the Great Lakes Basin Ecosystem.
This improvement is the result of several factors:
availability of computers
more reliable expressions describing the rates of transfer of chemicals between air, water,
sediments and biota
improved analytical methods
availability of more extensive and accurate monitoring data
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ﬂA n
ew “
scie
nce”
has
eme
rge
d in
whic
h an
atte
mpt
is be
ing
mad
e to
synt
hesi
ze al
l ava
ilab
le d
ata
into
a ma
ss b
alan
ce o
r in
vent
ory
of c
hemi
cal
fate.
The
acti
vity
is us
uall
y te
rmed
“mod
elli
ng.”
Pract
itio-
ners
of t
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“sci
ence
” ar
e en
thus
iast
ic a
bou
t it
s po
tent
ial
cont
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tion
to G
rea
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kes
reme
diat
ion;
inde
ed,
they
ques
tion
if re
medi
atio
n pl
ans
can
be e
ffec
tive
in th
e ab
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e of
mode
ls o
r ma
ss b
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ces.
The
y po
int t
o th
e su
cces
s of
the
phos
phor
us m
odel
s in
Lake
Erie
as a
n ex
ampl
e. O
ther
s, le
ss fa
mili
ar
with
mode
ls,
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to be
mor
e sc
epti
cal a
bout
their
usef
ulne
ss a
nd a
re c
once
rned
abou
t po
ssib
ly un
just
i-
fiable expense.
Ther
e ar
e sev
eral
rece
nt a
nd c
urre
nt m
ass
bala
nce
mode
llin
g eff
orts
in th
e Gr
eat
Lake
s bas
in,
nota
bly
a rec
ent
repo
rt of
the T
ask
Forc
e on
Chem
ical
Load
ings
of th
e Wa
ter
Qual
ity
Boar
d, a
majo
r
curr
ent i
nitia
tive
on G
reen
Bay
and
ongo
ing
effor
ts in
the
Niag
ara
Rive
r - L
ake
Onta
rio
regi
on.
The
pote
ntia
l no
w ex
ists
to re
late
load
ings
of sp
ecifi
c co
ntam
inan
ts t
o pre
vail
ing
conc
entr
atio
ns in
wate
r,
sedi
ment
s an
d bi
ota.
Atmo
sphe
ric
cont
ribu
tion
s ca
n be
asse
ssed
mor
e re
liabl
y. A
quat
ic e
cosy
stem
rec
ove
ry t
ime
s ca
n be
esti
mate
d, a
capa
city
whi
ch
is of
cons
ider
able
pote
ntia
l im
por
tan
ce t
o Re
med
ial
Acti
on P
lan
area
s. M
odel
s of
fer t
he pr
ospe
ct o
f de
visi
ng m
ore
subt
le a
nd l
ess e
xpen
sive
moni
tori
ng
strategies by sensing the most appropriate ecosystem components.
3.4.3.1 Objectives
In v
iew
of th
is ba
ckgr
ound
, it i
s pr
opos
ed t
o org
aniz
e a w
ork
sho
p wi
th t
he fo
llow
ing
aims
:
0
to ex
pose
, re
port
on a
nd d
iscu
ss c
urre
nt m
ass
bala
nce
mode
llin
g eff
orts
in th
e Gr
eat
Lake
s
basin '
0
to d
iscu
ss a
nd
rea
ch a
con
sen
sus
on t
he r
ole
of m
ode
ls
in d
eco
nta
min
ati
on s
trat
egie
s, i
nclu
d-
ing
cons
ider
atio
ns o
f co
st,
vali
dati
on n
eeds
, re
quir
ed a
ccur
acy,
spon
sors
, an
d i
mpr
ove
d by
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- what modellers think they can offer
- what "resource managers" want
- where there is a match of supply with demand
It is
hop
ed t
hat t
his d
ialo
gue
will
clari
fy th
e iss
ues
and
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lt in
a cle
arer
pict
ure o
f ex
pect
atio
ns
between model developers and users.
It is
inte
nded
to ho
ld t
his t
wo-d
ay w
ork
sho
p ea
rly i
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90 w
ith
20 t
o 30
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icip
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, hal
f of
who
m
wou
ld b
e mo
dell
ers,
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est r
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rce
mana
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that
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iber
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ll en
able
a cle
arer
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ure
to e
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ge
of w
hat
is n
eed
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wha
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eved
. T
he
Tech
nolo
gica
l Co
mmi
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conv
ince
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at th
e eff
ort w
ill b
e of
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e bo
th t
o mo
dell
ers
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to ma
nage
rs
and
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help
to re
duce
the s
cept
icis
m wi
th w
hich
man
y in
the G
reat
Lake
s sci
entif
ic co
mmu
nit
y vi
ew
mass balance models.
3.5 BIOTECHNOLOGY: ECOSYSTEM IMPLICATIONS
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echn
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y in
the b
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en p
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for t
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Bact
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ngi
and
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on o
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k wh
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-
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ultu
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y al
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ng p
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acce
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ecti
on pr
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enta
l to
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Howe
ver,
the c
urre
nt n
ew b
iote
chno
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ng so
muc
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tent
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so m
uch
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some
thin
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re.
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pow
er o
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ose i
n co
ntro
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n exp
ensi
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ools
to shape life forms while reducing the time required to induce the desired changes.
 
The
new
biot
echn
olog
y en
able
s sci
entis
ts to
tran
sfer
only
the
gene
or g
enes
whic
h co
nfer
a des
ir-
able
trait
from
what
migh
t oth
erwis
e be
an un
desir
able
organ
ism,
rathe
r tha
n tra
nsfer
desir
able
and
unde
sira
ble
gene
s ali
ke.
Whe
rea
s tr
adit
iona
l br
eede
rs c
ould
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s on
ly st
rain
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, bio
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ologi
sts h
ave t
ransf
erred
gene
s bet
ween
speci
es as
diver
se as
insec
ts an
d pla
nts.
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 The use of these tools goes beyond the breeding of new crop varieties and livestock. Bacteria have
been genetically altered to break down wood for the production of ethanol and to produce saleable
products in fermentation vats, as in the case of bovine growth hormone. Micro-organisms are being
altered to attack crop pests. Scientists are using biotechnology to gain a better understanding of the
complex communities of soil organisms by marking soil microbes with foreign genes to allow them to be
followed, and their reactions to changes in management practices measured. The techniques in terms of
this new biotechnology include:
Cloning
the creating of genetically identical copies of the cellular organism
Gene
combination of deoxyribonucleic acids, which confer a speciﬁc trait or traits to
organisms
Genetic
changing the genetic make-up of an organism by deleting certain genes
engineering
or inserting genes from another organism directly into a cell or embryo
Gene
controlling the time when a gene is turned on or off as well as the extent to which
expression it is expressed
Regeneration
the growing of a complete organism from a single cell or small piece of tissue
in cell structure
Embryo
removal of embryos from the productive tract of a valuable mother (usually a
transfer
cow) and transfer to the reproductive tracts of less valuable cows for gestation
to term
The power of these new tools raises issues of importance.
It is vital that they be understood and
included in the decisions about what directions this research will take (Hassebrook and Hegyes, 1989).
The release of genetically engineered organisms clearly is of concern to the Great Lakes Basin
Ecosystem and a number of Great Lakes states.
Provinces, states and Federal governments are begin-
ning to consider or adopt regulatory steps to control the release of genetically engineered organisms.
However, there is not yet any unanimity as to how
this process should be conducted.
Clearly, the IIC
should take a position that the Agreement should be modiﬁed to include the notion that there should be
no release of genetically engineered material into the Great Lakes Basin Ecosystem without appropriate
risk assessment by experts.
In addition, it.needs to be recognized that the regulation of biotechnology is
placing increasingly large demands on the basic science of ecology, which in many ways it is not yet
capable of meeting.
Qualiﬁed scientists have expressed this concern in many
forms.
It is important to
recognize that taxpayers have paid hundreds of millions of dollars to develop scientific knowledge and
tools that are now at the foundation of the biotechnology industry.
By comparison, they have paid
almost nothing to improve our ability to anticipate and control risks from that technology.
The time to
change this situation is overdue.
If governments are going to aggressively support the development
of a
technology, they should also support the scientific knowledge
to understand
and control it.
It is'also clear that governments
need to improve their staff to regulate the products of biotechnol-
ogy.
This task is difﬁcult because good
molecular biologists can hold
high paying jobs outside the
government,
a
situation which
reduces
the pool
of available researchers and
product review
experts.
Clearly there is a need to shift resources and
interests from the production of this new
technology to the
protection of the ecosystem (Hollaender
1987).
3.6 SEDIMENTS
For
some
time,
the Technology
Committee
has
held an
assignment
from
the SAB
to recommend
research
and
technology
transfer priorities
in connection
with
contaminated
sediments.
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ol
of
la
nd
sc
ap
e
ec
ol
og
y i
s e
me
rg
in
g
wi
th
co
nc
ep
ts
an
d
me
th
od
s
th
at
ap
pe
ar
to
be
ge
ne
ra
ll
y
co
mp
at
ib
le
wi
th
th
e
se
t s
ke
tc
he
d a
bo
ve
.
In
no
va
to
rs
in
cl
ud
e R
. S
. D
om
ey
,
R.
T.
T.
Fo
rm
an
,
M.
Go
dr
on
an
d
P.
G.
Ri
ss
er
.
Wh
er
e
ti
me
is
pe
rh
ap
s
th
e
pr
im
ar
y
va
ri
ab
le
in
th
e i
ni
ti
at
iv
es
li
st
ed
ab
ov
e,
sp
ac
e m
ay
be
th
e
pr
im
ar
y v
ar
ia
bl
e
in
su
ch
st
ud
y
of
la
nd
sc
ap
e
sy
st
em
s.
Th
e
st
ru
ct
ur
es
an
d
pr
oc
es
se
s
im
po
rt
an
t
to
se
lf
-i
nt
eg
ra
ti
on
in
a s
ys
te
m
ar
e a
pp
ar
en
tl
y s
tr
on
gl
y d
ep
en
de
nt
on
th
e s
pa
ti
al
ma
gn
it
ud
e
of
th
at
sy
st
em
.
4.1
.3
DI
SI
NT
EG
RA
TI
ON
,
BO
TH
NA
TU
RA
L
AN
D
CU
LT
UR
AL
A
li
vi
ng
sy
st
em
, n
at
ur
al
or
cul
tur
al,
ca
nn
ot
pe
rs
is
t i
n t
he
ab
se
nc
e o
f m
od
er
at
e
tu
rb
ul
en
ce
in
its
en
vi
ro
nm
en
t.
Th
e
co
nc
ep
t o
f i
nt
eg
ri
ty
im
pl
ic
it
ly
rel
ate
s t
o t
he
ch
al
le
ng
es
to
su
ch
a d
yn
am
ic
li
vi
ng
sy
st
em
po
se
d
by
su
rp
ri
se
s.
Th
e
la
tt
er
ma
y
ar
is
e t
hr
ou
gh
na
tu
ra
l o
r c
ul
tu
ra
l c
au
se
s.
A
su
rp
ri
se
(i.
e.
an
un
ex
pe
ct
ed
pe
rt
ur
ba
ti
on
or
di
st
re
ss
) m
ay
ar
is
e f
ro
m
a m
od
if
ic
at
io
n
in
th
e a
mp
li
tu
de
of
so
me
pr
e-
ex
is
ti
ng
, b
en
ig
n
fa
ct
or
.
Al
te
rn
at
iv
el
y,
a
su
rp
ri
se
ma
y
in
vo
lv
e i
mp
os
it
io
n o
f a
ne
w
fa
ct
or
.
In
th
e
sh
or
t
te
rm
, a
su
rp
ri
se
ac
ts
to
di
st
ur
b t
he
ex
is
ti
ng
sta
te
of
int
egr
ity
; i
f s
ev
er
e,
a s
ur
pr
is
e m
ay
ca
us
e
di
si
nt
eg
ra
-
ti
on
of
th
e s
ys
te
m
to
a
de
gr
ad
ed
sta
te.
If
th
e
su
rp
ri
se
is
ve
ry
in
te
ns
e,
th
en
all
lif
e d
is
ap
pe
ar
s
in
su
ch
a
loc
ale
, a
n e
xt
re
me
st
at
e o
f d
eg
ra
da
ti
on
.
Wh
er
e
a n
ew
mo
de
ra
te
di
st
re
ss
pe
rs
is
ts
, t
he
sy
st
em
ma
y
ev
en
tu
al
ly
ev
ol
ve
to
a
mo
di
fi
ed
, e
x-
pa
nd
ed
sta
te
of
pa
rt
ia
l s
elf
-in
teg
rat
ion
.
Th
us
, s
om
e
gr
th
“h
ea
li
ng
” m
ay
oc
cu
r.
Bu
t w
he
re
de
gr
ad
a-
ti
on
ha
s
be
en
in
te
ns
e,
a s
ys
te
m
ma
y
re
ma
in
“c
ri
pp
le
d”
wh
en
co
mp
ar
ed
wi
th
its
fo
rm
er
sta
te.
Mu
ch
lat
er,
fu
rt
he
r.
tr
an
sf
or
ma
ti
on
ma
y
oc
cu
r w
it
hi
n
su
ch
a
"c
ri
pp
le
d"
sy
st
em
so
th
at
wh
at
wa
s
or
ig
in
al
ly
a
di
st
re
ss
fu
l f
ac
to
r m
ay
co
me
to
pl
ay
a
be
ne
fi
ci
al
or
eu
st
re
ss
fu
l
rol
e.
Ho
we
ve
r,
af
te
r s
uc
h
in
te
rn
al
iz
at
io
n,
th
e
ne
w
sy
st
em
wi
ll
be
qu
al
it
at
iv
el
y
di
ff
er
en
t f
ro
m
th
e
or
ig
in
al
sy
st
em
.
Th
e b
as
in
ec
os
ys
te
m
ma
y
be
pe
rc
ei
ve
d a
s a
ge
og
ra
ph
ic
/ h
yd
ro
gr
ap
hi
c
mo
sa
ic
of
sm
al
le
r e
co
sy
s-
te
ms
.
Th
es
e
ma
y
be
cl
as
si
fi
ed
in
to
se
ve
ra
l q
ua
li
ta
ti
ve
st
at
es
of
in
te
gr
it
y:
0
Ec
os
ys
te
ms
la
rg
el
y u
na
ff
ec
te
d b
y
di
sr
up
ti
ve
hu
ma
ns
ar
e g
en
er
al
ly
in
a s
ta
te
of
na
tu
ra
l
integrity or "integrality"
0
Ec
os
ys
te
ms
st
ro
ng
ly
af
fe
ct
ed
by
un
ca
ri
ng
hu
ma
ns
ar
e i
n a
di
si
nt
eg
ra
te
d o
r s
lu
m-
li
ke
sta
te;
th
ey
la
ck
bo
th
na
tu
ra
l a
nd
cu
lt
ur
al
in
te
gr
it
y
0
Ec
os
ys
te
ms
th
at
ar
e
be
in
g
ca
re
fu
ll
y h
us
ba
nd
ed
fo
r s
us
ta
in
ab
le
pr
od
uc
ti
on
of
cr
op
s o
r r
en
ew
-
ab
le
re
so
ur
ce
s
ar
e
in
a
st
at
e a
pp
ro
xi
ma
ti
ng
na
tu
ra
l /
cu
lt
ur
al
in
te
gr
it
y
0
Ur
ba
n
ec
os
ys
te
ms
ma
y
be
ca
re
fu
ll
y m
an
ag
ed
fo
r t
re
es
, b
ir
ds
,
la
wn
s,
pa
rk
s
an
d
sm
al
l
pa
rc
el
s
of
wi
ld
ne
ss
—-
ag
ai
n
ex
hi
bi
ti
ng
cu
lt
ur
al
/n
at
ur
al
in
te
gr
it
y
Th
e
ob
je
ct
iv
e a
nd
su
bj
ec
ti
ve
fe
at
ur
es
of
th
es
e c
la
ss
es
of
ec
os
ys
te
m
in
te
gr
it
y a
re
no
t
no
w
we
ll
de
sc
ri
be
d.
A
pa
rt
ic
ip
at
or
y p
ro
ce
ss
to
de
ve
lo
p
a
“v
is
io
n”
of
a m
os
ai
c
of
he
al
th
y e
co
sy
st
em
s
sh
ou
ld
be
fostered.
4.
1.
4
BR
ID
GI
NG
TH
E
CO
NC
EP
TS
OF
NA
TU
RA
L
A
N
D
CU
LT
UR
AL
IN
TE
GR
IT
Y
Mo
re
th
an
a d
oz
en
ve
rs
io
ns
of
ap
pl
ie
d s
ys
te
ms
an
al
ys
is
ha
ve
be
en
ad
ap
te
d a
nd
ap
pl
ie
d t
o e
co
sy
s-
te
mi
c p
he
no
me
na
in
thi
s b
as
in
.
B.
J.
Le
e a
nd
ot
he
rs
(1
98
2)
re
vi
ew
ed
te
n o
f t
he
se
ini
tia
tiv
es
an
d
fo
un
d
th
at
no
ne
de
al
t c
om
pr
eh
en
si
ve
ly
wi
th
in
te
gr
at
ed
(o
r d
is
in
te
gr
at
ed
) p
he
no
me
na
at
th
e b
as
in
le
ve
l o
f
or
ga
ni
za
ti
on
.
In
st
ea
d,
so
me
fo
cu
se
d o
n o
pe
n
la
ke
wa
te
rs
, s
om
e
on
co
as
ta
l s
tr
uc
tu
re
s,
an
d
ot
he
rs
on
hi
nt
er
la
nd
pro
ces
ses
.
Th
ey
sh
ar
ed
th
e f
ol
lo
wi
ng
fea
tur
es:
-
a p
ri
ma
ry
fo
cu
s o
n e
col
ogi
cal
ph
en
om
en
a
-
a c
ha
ra
ct
er
iz
at
io
n o
f s
om
e
se
lf
-r
eg
ul
at
or
y c
ap
ab
il
it
ie
s
-
a c
ap
ab
il
it
y f
or
ma
rk
ed
re
sp
on
si
ve
ne
ss
to
na
tu
ra
l a
nd
hu
ma
n
act
ivi
tie
s
-
a p
ra
gm
at
ic
ba
la
nc
e b
et
we
en
det
ail
ed,
red
uct
ion
ist
ic
un
de
rs
ta
nd
in
g a
nd
mo
re
comprehensive, holistic meaning
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 Th
e s
tre
ss-
res
pon
se
app
roa
ch
to p
rac
tic
al
iss
ues
con
cer
nin
g e
cos
yst
em
int
egr
ity
wa
s o
ne
of
the
kin
ds
of
sys
tem
s a
nal
ysi
s r
evi
ewe
d b
y L
ee,
et a
l. (
198
2).
Th
e s
tre
ss-
res
pon
se
con
cep
ts
are
sim
pli
ﬁed
ver
sio
ns
of g
ene
ral
iza
tio
ns w
ith
in
par
adi
gms
of s
elf
-or
gan
izi
ng s
yst
ems
; th
ey
als
o re
late
dir
ect
ly t
o
sim
pli
fie
d v
ers
ion
s of
the
pra
cti
cal
inte
rest
s of
com
pet
ing
act
or s
yst
ems
and
sta
keh
old
ers
. S
tre
ss-
res
pon
se
con
cep
ts a
nd
met
hod
s,
in t
heir
cur
ren
t st
ate
of d
eve
lop
men
t,
are
rel
ati
vel
y ro
bus
t a
nd
use
ful
for
a fi
rst
sta
ge o
f co
mpr
ehe
nsi
ve
con
sid
era
tio
n, p
lan
nin
g a
nd
act
ion
. T
hey
rela
te b
oth
to o
bje
cti
ve
inte
grit
y or
"iri
tegr
alit
y" a
s st
udie
d by
natu
ral
scie
ntis
ts a
nd
to s
ubje
ctiv
e in
tegr
ity
or "
ethi
cs"
as s
tudi
ed
by c
ultu
ral
scie
ntis
ts/
scho
lars
. Th
us,
the
stre
ss-r
espo
nse
app
roa
ch s
erve
s to
bri
dge
the
cult
ural
and
the
natu
ral
aspe
cts
of t
he b
asin
eco
syst
em.
It p
rov
ide
s a
"lev
el p
lay
ing
fiel
d” f
or a
ctor
s or
stak
ehol
ders
wit
h
different interests and commitments.
In th
e Gr
eat
Lake
s, th
e "d
egra
ded
area
reme
dial
acti
on p
lann
ing
proc
ess”
was
pion
eere
d at
the
local
leve
l mo
stly
with
resp
ect t
o Gr
een
Bay,
WI.
As a
comp
leme
ntar
y ini
tiati
ve to
the R
emed
ial
Acti
on
Plans
, the
"heri
tage
area
secur
ity p
lanni
ng pr
ocess
” was
pione
ered
most
ly wi
th re
spect
to Lo
ng Po
int,
ON.
Both
initia
tives
impli
citly
work
ed wi
thin
the m
inds
et of
integ
rity a
s ske
tched
above
, and
expli
citly
empl
oyed
a str
ess-r
espon
se ap
proa
ch to
bridg
e con
cepts
of cu
ltura
l and
natur
al in
tregr
ity.
It ma
y be
that
a com
plem
enta
ry ap
proa
ch wi
ll em
erge
with
respe
ct to
local
risks
due
to un
contr
ollab
le ﬂu
ctua-
tions in water levels and ﬂows (i.e. “inundation zone adaptive plans”). Recently, therehas been a Lake
Ontar
io Se
creta
riat
set-u
p by
a fou
r-par
ty Ag
reem
ent t
hat h
as de
velo
ped a
Lake
Ontar
io To
xics
Mana
ge-
ment Plan.
To assist with the realization of this interactive, nested set of connotations of integrity, further
discussion should be fostered between theoretical and practical experts on the various objective and
subjective aspect of integrity. A conceptual framework such as the one sketched above may be useful
for such collaborative work.
It is timely for the people of the Great Lakes to begin a systematic process of clarifying — on a
basinwide scale— the vision of chemical, physical, biological, social and aesthetic integrity they wish for
their ecosystem. The Great Lakes Science Advisory Board recommends that this process be initiated
forthwith, and that the Parties catalyze the initiative based on integration of values now expressed in the
Agreement.
From the perspective of landscape ecology, the Great Lakes Basin Ecosystem consists of a mosaic
of smaller ecosystems that must be (and are being) addressed by those creating Remedial Action Plans
and Lakewide Management Plans. However, as an interactive landscape which is more than the sum of
these parts, the entirety must be addressed as well if we are to restore and maintain integrity at the scale
of the Great Lakes Basin Ecosystem. At that scale, the joint vision of the Parties is required.
The Board recommends that:
0 The people of the basin clarify the desirable attributes of ecosystems that would characterize
"integrity," including such factors as sufficient protected pristine nature, carefully husbanded
productive waters and lands, and beautifully maintained urban areas
The Parties have agreed to make a sustained effort to gain a better understanding of the Great
Lakes Basin Ecosystem. Such understanding necessitates an ecosystem approach in which scale-inde-
pendent generalities become applied across a range of scales. Within this range, inhabitants of each
landscape of the mosaic must identify and arrange to protect structures and ﬁmctions seen as being
essential for consonant (natural and cultural) ecosystem integrity at that explicit scale.
This inventory and planning process can only achieve a sustainable mosaic of integrity if, first, the
constraints and opportunities of the larger wholes (the Great Lakes Basin Ecosystem and the biosphere
in which it is embedded) are recognized and fully accommodated. Therefore, the Parties should expe-
dite the interdisciplinary synthesis of practical science and policy toward explication of the natural and
cultural relationships that typify a Great Lakes Basin Ecosystem having integrity. The Board recom-
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 mends that this be done by drawing on guidance from systems ecology (particularly hierarchy theory)
and from the Agreement.
The
Scie
nce
Advi
sory
Boar
d’s
invo
lvem
ent
is in
itial
ly bo
und
ed b
y th
e pe
rspe
ctiv
e tha
t ide
ntifi
es
the
Grea
t La
kes
Basi
n Ec
osys
tem
as th
e pr
inci
pal s
yste
m of
conc
ern
in th
e Ag
reem
ent.
Wit
h th
at
conc
ern
as a
give
n, th
e Bo
ard
reco
gniz
es t
he n
eed
to de
al w
ith
both
the
larg
er co
ntex
t pr
ovid
ed b
y
bios
pher
ic re
lati
onsh
ips (
so-c
alle
d "t
op d
own
appr
oach
es”)
and
with
the
smal
ler s
cale
stru
ctur
es a
nd
proc
esse
s th
at ar
e of
part
icul
ar i
nter
est i
n so-
call
ed "
bott
om-u
p ap
proa
ches
” (e.
g. at
the
muni
cipa
l lev
el).
Bett
er un
ders
tand
ing
of th
is ec
osys
tem
requ
ires
mesh
ing
of se
vera
l pe
rspe
ctiv
es in
a con
cert
ed e
ffort
as
we d
eal
with
the s
urpr
ise
and
unce
rtai
nty t
hat a
re m
uch
of th
e ess
ence
of th
e pr
oces
s of
disc
over
y an
d
of management.
In s
umm
ary
, th
e ma
tter
of e
cosy
stem
inte
grit
y mu
st b
e ex
plor
ed w
ith
an e
ye t
o des
ired
futu
re
stat
es (
ima
ges
) a
nd
wit
h an
eye
to s
yste
mati
call
y pr
obi
ng f
or b
ette
r un
der
sta
ndi
ng t
hro
ugh
an a
dap
tiv
e
lear
ning
proc
ess.
It is
this
bino
cula
r vis
ion t
hat h
olds
the b
est p
romi
se f
or we
ll-i
nfor
med
impl
emen
ta-
tion
of t
he Gr
eat
Lake
s Wa
ter
Qual
ity
Agr
eem
ent
as a
mend
ed.
It is
not
an e
ithe
r/or
appr
oach
, bu
t
rath
er, o
ne w
hic
h re
cogn
izes
the
adva
ntag
e of
usin
g dif
fere
nt pe
rspe
ctiv
es to
gain
an u
nder
stan
ding
of
ecosystem integrity.
The Board recommends that:
0
Coll
abor
ative
inter
disci
plina
ry te
ams
of re
searc
h and
educ
atio
nal p
rofes
siona
ls as
semb
le t
he el
emen
ts of
a pra
ctica
l sci
ence/
polic
y of
ecos
yste
m int
egrit
y fro
m a s
tudy
of in
itiat
ives
such
as th
e ann
exes
to th
e
Agre
emen
t as
amen
ded,
the R
emed
ial A
ctio
n Pl
ans a
nd t
he La
kewi
de Ma
nage
ment
Plan
s
4.2 HERITAGE AREAS SECURITY PLANS
Ann
ex 2
of th
e Gr
eat
Lake
s Wa
ter
Qual
ity
Agr
eem
ent
is de
sign
ed t
o bri
ng a
bout
a sy
tema
tic
and
com
pre
hen
siv
e ec
osy
ste
m ap
pro
ach
to r
esto
ring
and
prot
ecti
ng b
ene
ﬁci
al u
ses.
Amo
ng
the
list
of
"Imp
airm
ent
of Be
nefi
cial
Uses
” is
the
"los
s of
fish
and
wild
life
habi
tat.
” An
nex
7 of
the
Agr
eem
ent
dire
cts
the P
arti
es to
iden
tify
and
pres
erve
sign
ific
ant w
etla
nd a
reas
. In
keep
ing
with
the
proa
ctiv
e
appr
oach
of th
e Ag
reem
ent,
the
Scie
nce
Advi
sory
Boar
d in
itiat
ed a
proj
ect i
n 19
87 w
ith
Dr.
G. R
.
Fran
cis,
of th
e Un
iver
sity
of Wa
terl
oo,
as c
onve
ner.
The
proje
ct’ 5
purp
ose
was
to r
evie
w an
d ev
alua
te
the p
ract
ical
way
s fo
r ide
ntif
ying
whic
h na
tura
l he
rita
ge ar
eas
meri
t pri
orit
y at
tent
ion f
rom
an o
vera
ll
Grea
t La
kes
pers
pect
ive a
nd t
o pr
opos
e wa
ys f
or se
curi
ng t
heir
prot
ecti
on.
This
proj
ect m
ight
lead
to
inte
rjur
isdi
ctio
nal c
olla
bora
tion
on H
erit
age
Area
Secu
rity
Plan
s (H
ASPs
) to
com
ple
men
t th
e cu
rren
t
coll
abor
atio
n on
degr
aded
area
s Re
medi
al A
ctio
n Pl
ans
(RAP
s) f
or Ar
eas
of C
once
rn.
To p
rovi
de b
asic
info
rmat
ion
on t
his i
ssue
of H
erit
age A
reas
, tw
o st
udie
s we
re c
ondu
cted
unde
r
the
dire
ctio
n of
Dr.
Fran
cis.
P.G.
R. S
mith
(198
7a, b
) wa
s fu
nded
by t
he D
onn
er C
anad
ian
Foun
dati
on
and
P. We
ller
(198
9) w
as f
unde
d by
the S
cien
ce A
dvis
ory
Boar
d. T
hey
asse
mble
d ba
ckgr
ound
info
rma-
tion
for C
anad
ian
and
Amer
ican
part
s of
the c
oast
al zo
ne o
f th
e Gr
eat
Lake
s an
d co
nnec
ting
chan
nels
.
Thes
e re
port
s gi
ve a
n ov
ervi
ew o
f kn
own
sign
ific
ant n
atur
al ar
eas,
prot
ecte
d an
d un
prot
ecte
d, in
the
coas
tal z
one.
Rele
vant
poli
cy a
nd l
egis
lati
on ar
e als
o su
mma
riz
ed a
nd r
ecom
mend
atio
ns a
re m
ade
for
the stewardship of these areas.
On M
arch
30-31
, 198
9, th
e Eco
logic
al Co
mmit
tee c
o-sp
onso
red a
consu
ltati
on me
etin
g to t
ake s
tock
of w
ork
alre
ady u
nde
rwa
y th
at co
ntri
bute
s to,
or is
othe
rwis
e rel
ated
to, t
his p
rojec
t. P
repa
rato
ry w
ork
for th
e mee
ting
inclu
ded c
ompil
ation
s of i
nform
ation
on pr
otect
ed co
astal
sites
arou
nd La
ke H
uron
and
Lake
Supe
rior
, an
d on
othe
r sit
es co
nsid
ered
to be
wort
hy o
f pro
tect
ion
for t
heir
ecol
ogic
al v
alue
s, b
ut
whic
h hav
e so
far no
t rec
eived
it. Th
is wo
rk pr
ovid
ed a
"first
cut’’
over
view
on a
lake-
wide
basis
of
what
has b
een a
ccom
plis
hed t
hrou
gh in
divid
ual e
ffort
s by
a num
ber
of ag
encie
s and
other
organ
izati
ons
and it helped focus questions about what remains to be done.
Two
main
reco
mmen
dati
ons c
ame
out o
f the
meeti
ng. O
ne ca
lled
upon
the (
U.S.)
Natu
re Co
nser-
vanc
y (TN
C) an
d the
Natu
re Co
nser
vanc
y of C
anad
a (N
CC)
to ini
tiate
the u
nder
pinn
ings
for a
Great
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Lak
es
Nat
ura
l H
eri
tag
e P
rog
ram
.
The
oth
er
cal
led
up
on
the
Eco
log
ica
l C
omm
itt
ee
to
est
abl
ish
a s
mal
l
wo
rk
in
g g
ro
up
to
par
tic
ipa
te
in
the
con
ser
van
cy
ini
tia
tiv
es:
co
mp
il
e i
nfo
rma
tio
n o
n i
mp
le
me
nt
in
g
mea
sur
es,
inc
lud
ing
coa
sta
l z
one
pro
gra
ms;
det
erm
ine
wa
ys
to l
ink
the
Eco
log
ica
l C
omm
itt
ee
pro
jec
t o
n
Nat
ura
l H
eri
tag
e A
rea
s t
o t
he
Gre
at
Lak
es
Wat
er
Qua
lit
y A
gr
ee
me
nt
as
wel
l a
s t
o o
the
r b
ina
tio
nal
agr
eem
ent
s;
and
, i
n d
ue
cou
rse
, m
ak
e r
eco
mme
nda
tio
ns
con
cer
nin
g a
wo
rk
sh
op
as
par
t o
f th
e o
ngo
ing
binational consultations on this subject.
As
of m
id-
yea
r 1
989
, th
e tw
o C
ons
erv
anc
ies
tog
eth
er a
re i
ntr
odu
cin
g in
to C
ana
da
the
"Bi
olo
gic
al
and
Con
ser
vat
ion
Dat
a S
yst
em,
” d
eve
lop
ed
ove
r t
he p
ast
15
yea
rs b
y T
NC
for
Sta
te N
atu
ral
Her
ita
ge
Pro
gra
ms.
One
of t
he f
irst
tas
ks i
s to
dev
elo
p a
"pa
lus
tri
ne/
terr
estr
ial
nat
ura
l c
omm
uni
ty
clas
sifi
cati
on
sch
eme
” f
or u
se
in O
nta
rio
, a
nd
par
tic
ula
rly
for
app
lic
ati
on t
o co
ast
al s
ites
. T
his
clas
sifi
cati
on s
che
me
dra
ws
hea
vil
y u
pon
pri
or i
niti
ativ
es i
n e
ach
of t
he G
rea
t L
ake
s st
ates
.
4.2.
1
SI
GN
IF
IC
AN
CE
FO
R T
HE
GR
EA
T L
AK
ES
WA
TE
R Q
UA
LI
TY
AG
RE
EM
EN
T
The
Com
mis
sio
n ad
opt
ed a
n "e
cos
yst
em a
ppr
oac
h” i
n 19
78 a
s a
pers
pect
ive
for
adv
isi
ng g
ove
rn-
men
ts o
n th
e im
ple
men
tat
ion
of t
he G
rea
t La
kes
Wat
er Q
ual
ity
Agr
eem
ent
. R
evi
sio
ns t
o th
e Ag
ree
men
t
tha
t s
ame
yea
r fo
rma
lly
com
mit
ted
the
Uni
ted
Sta
tes
and
Can
ada
to r
est
ori
ng a
nd
mai
nta
ini
ng t
he
ecol
ogic
al i
nteg
rity
of t
he w
ate
rs o
f th
e Gr
eat
Lak
es B
asi
n Ec
osy
ste
m.
Thi
s co
mmi
tme
nt
was
reaf
firm
ed
by t
he 1
987
Prot
ocol
to t
he A
gre
eme
nt a
nd s
tre
ngt
hen
ed f
urth
er b
y re
quir
ing
spec
ific
atio
n of
"lak
e
eco
sys
tem
obje
ctiv
es”
and
"ec
osy
ste
m he
alth
indi
cato
rs”
to a
sses
s pr
ogr
ess
tow
ard
s ac
hie
vin
g su
ch
obje
ctiv
es.
The
Com
mis
sio
n ha
s co
nsis
tent
ly r
efer
red
to e
cos
yst
em p
ersp
ecti
ves
in t
heir
bien
nial
repo
rts
to go
vern
ment
s un
der
the A
gree
ment
, as
well
as in
thei
r fin
al re
port
on "
Grea
t La
kes
Dive
rsio
ns a
nd
Consumptive Uses” in 1985.
Prot
ecti
on of
ecol
ogic
al di
vers
ity
and
cent
res o
f bio
logi
cal o
rgan
izat
ion
with
in t
he G
reat
Lake
s
ecos
yste
m mu
st b
e a v
ital
com
pon
ent
of a
com
mit
men
t to
an "
ecos
yste
m ap
proa
ch.”
Furt
her
deve
lop-
men
t of
the
mult
ijur
isdi
ctio
nal s
yste
m of
prot
ecte
d ne
arsh
ore
and
coas
tal z
one
sites
arou
nd t
he la
kes
wou
ld a
lso b
e a c
oncr
ete
expr
essi
on of
"ant
icip
ate a
nd p
reve
nt"
stra
tegi
es to
help
war
d of
f fur
ther
ecosystem degradation.
The u
nprot
ected
comp
onen
ts of
this d
ivers
ity s
houl
d be
view
ed as
anoth
er ki
nd of
"Are
a of
Conce
rn."
At pr
esent
there
is no
comm
itme
nt by
gove
rnme
nt an
d non
gove
rnme
ntal
organ
izati
ons t
o
take
up th
e que
stion
of ex
tendi
ng or
stren
gthen
ing p
rotec
tive
arra
ngem
ents
for t
hese
areas
from
a
comp
rehe
nsive
, bas
inwi
de pe
rspec
tive.
The i
ntent
of th
e pro
ject o
n Her
itage
Area
s Sec
urity
Plans
is to
show feasible ways to proceed. In addition, by initiating a program that focuses on the high quality,
often
visua
lly a
ttrac
tive c
ompo
nent
s of
the G
reat
Lake
s eco
syste
m, pu
blic
awar
enes
s and
inter
est in
the
well-
being
of th
e lak
es co
uld b
e rai
sed i
n a w
ay th
at an
exclu
sive
conc
ern o
ver b
adly
cont
amin
ated
areas
may
not b
e abl
e to a
chiev
e. Th
erefo
re, i
t may
help
indir
ectly
to st
rengt
hen t
he lo
ng te
rm pu
blic
comm
it-
ment that will be required to implement RAPs being prepared for the 42 Areas of Concern identified by
the Water Quality Board.
4.2.2 FUTURE ACTIONS
Some protected coastal zone sites will be suitable for ecosystem monitoring linked to assessments
of ecosystem integrity, and ecosystem health as called for under the Agreement. This relationship needs
further investigation. An informal working group convened under the project will begin addressing this
issue in 1989.
Some wetlands inland from the Great Lakes, especially in the headwaters of tributary rivers, may
be crucial to the maintenance of ecosystem health in areas downstream and around the nearshore zones
of the lakes. This link was recognized in 1980 in the Commission’s report to governments on "Pollution
from Land Use Activities” (PLUARG). During the last few years, the U5. Fish and Wildlife Service has
been conducting a National Wetland Inventory, while the Ontario Ministry of Natural Resources has
been compiling an inventory of "Provincially and Regionally Significant Wetlands” in southern Ontario.
The results of these inventories should be reviewed to identify inland/ upland wetlands of particular
importance because of their watershed hydrology or other ecological functions.
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Pro
tec
tio
n s
tra
teg
ies
wil
l h
av
e t
o b
e w
or
ke
d o
ut
in
con
sul
tat
ion
wi
th
var
iou
s g
ov
er
nm
en
t a
gen
cie
s
an
d n
on
go
ve
rn
me
nt
al
gr
ou
ps
in
eac
h s
tat
e/ p
rov
inc
e.
A
nu
mb
er
of
im
po
rt
an
t s
ite
s m
ay
ha
ve
dif
fer
ent
ove
rla
ys
of
pub
lic
an
d p
riv
ate
own
ers
hip
s,
all
of
wh
om
wo
ul
d h
av
e t
o a
gre
e o
n a
ppr
opr
iat
e p
rot
ect
ive
ma
na
ge
me
nt
arr
ang
eme
nts
.
Pri
vat
e l
an
do
wn
er
s m
ay
alr
ead
y b
e e
ffe
cti
ve
"pr
iva
te
ste
war
ds”
as
evi
-
de
nc
ed
by
th
e c
on
ti
nu
ed
exi
ste
nce
of
va
lu
ed
eco
log
ica
l f
eat
ure
s o
r f
un
ct
io
ns
at
th
e s
ite
.
"L
an
do
wn
er
con
tra
ct”
pr
og
ra
ms
ca
n g
ive
rec
ogn
iti
on
to
thi
s s
te
war
ds
hi
p t
hr
ou
gh
aw
ar
d p
ro
gr
am
s,
the
neg
oti
ati
on
of
con
ser
vat
ion
eas
eme
nts
, m
an
ag
em
en
t a
gre
eme
nts
, a
nd
wh
en
nec
ess
ary
, t
hr
ou
gh
pri
or
ar
ra
ng
em
en
ts
to
pu
rc
ha
se
lan
ds
wh
en
ow
ne
rs
are
no
lon
ger
abl
e t
o r
eta
in
the
m.
Th
es
e s
tra
teg
ies
wo
ul
d a
lso
be
app
lie
d t
o c
oas
tal
sit
es
ide
nti
ﬁed
as
hig
h p
rio
rit
y f
or
inc
lus
ion
un
de
r t
he
Pre
ser
vat
ion
As
su
ra
nc
e P
lan
.
Th
e p
roc
ess
of
gen
era
tin
g f
orm
al
Re
me
di
al
Act
ion
s P
lan
s u
nd
er
the
Ag
re
em
en
t w
as
mod
ell
ed,
in
par
t,
on
ini
tia
tiv
es
alr
ead
y u
nd
er
wa
y i
n s
om
e d
eg
ra
de
d l
oca
les
.
Th
e f
urt
her
de
ve
lo
pm
en
t o
f t
he
for
mal
RA
P p
roc
ess
, i
n s
up
po
rt
of
the
goa
l o
f e
co
sy
st
em
int
egr
ity
, d
ese
rve
s c
ont
inu
ing
att
ent
ion
. C
urr
ent
ly,
"n
at
ur
al
he
ri
ta
ge
ar
ea
s s
ecu
rit
y p
la
ns
" a
re
be
in
g g
en
er
at
ed
in
fo
rm
al
ly
for
so
me
pri
sti
ne
loc
ale
s i
n t
he
coa
sta
l z
one
.
Thi
s i
nit
iat
ive
als
o d
ese
rve
s t
o b
e r
eco
gni
zed
for
mal
ly.
Acc
ord
ing
ly,
the
Bo
ar
d r
ec
om
-
mends that:
0
The
Par
tie
s c
ons
ide
r d
eve
lop
ing
a n
ew
ann
ex
to
the
Gre
at
Lak
es
Wat
er
Qua
lit
y A
gre
eme
nt,
con
cer
nin
g
Her
ita
ge
Are
a S
ecu
rit
y P
lan
s t
hat
inc
orp
ora
tes
for
mal
rec
ogn
iti
on
of
the
pla
nni
ng
pro
ces
s t
o c
ons
erv
e
pristine locales in the coastal zone
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5.
0
E
C
O
S
Y
S
T
E
M
O
B
J
E
C
T
I
V
E
S
S
U
B
C
O
M
M
I
T
T
E
E
5.1 INTRODUCTION
Th
is
is
th
e l
ast
re
po
rt
of
thi
s s
ub
co
mm
it
te
e.
It i
s o
ne
in
a s
eri
es
wh
ic
h b
eg
an
in
19
74
wi
th
th
e j
oin
t
rep
ort
of
the
Wa
te
r Q
ual
ity
Obj
ect
ive
s S
ub
co
mm
it
te
e (
WQ
OS
) a
nd
the
Sci
ent
iﬁc
Bas
is
for
Wa
te
r Q
ual
ity
Cri
ter
ia
Co
mm
it
te
e (
SB
WQ
CC
).
Fo
ll
ow
in
g t
his
yea
r’s
act
ivi
tie
s a
nd
the
su
bm
is
si
on
of
its
pre
sen
t r
epo
rt,
th
e E
co
sy
st
em
Ob
je
ct
iv
es
Su
bc
om
mi
tt
ee
(f
or
me
rl
y t
he
Ec
os
ys
te
m O
bj
ec
ti
ve
s C
om
mi
tt
ee
, E
OC
)
is
di
sb
an
de
d a
nd
the
tas
k o
f e
nsu
rin
g t
hat
the
obj
ect
ive
s r
em
ai
n c
urr
ent
an
d p
rot
ect
ive
of
the
sy
st
em
fal
ls
to the two Parties.
Th
e r
ati
ona
les
an
d t
he
sp
ec
iﬁ
c c
he
mi
ca
l o
bje
cti
ves
pr
es
en
te
d t
o d
at
e h
av
e
be
eni
nt
en
de
d t
o p
ro
vi
de
th
e l
imi
tin
g c
on
ce
nt
ra
ti
on
s o
f c
he
mi
ca
ls
or
ot
he
r s
ub
st
an
ce
s i
n t
he
Gr
ea
t L
ak
es
wh
ic
h w
ou
ld
no
t i
mp
ai
r,
as
far
as
wa
s k
no
wn
at
the
tim
e,
the
sev
era
l u
ses
des
ire
d i
n t
he
sys
tem
.
Fo
r t
he
mo
st
par
t,
the
se
rat
ion
-
ale
s w
er
e b
as
ed
up
on
th
e r
es
po
ns
es
of
aq
ua
ti
c l
ife
to
th
e c
he
mi
ca
ls
in
th
e w
at
er
co
lu
mn
an
d r
ep
re
se
nt
ed
the
sta
te
of
kn
ow
le
dg
e e
xis
tin
g a
t t
he
tim
e o
f t
hei
r p
rep
ara
tio
n.
Mo
re
rec
ent
ly,
ec
os
ys
te
m o
bje
cti
ves
ha
ve
be
en
de
ve
lo
pe
d t
o a
ns
we
r t
wo
ne
ed
s t
hat
are
not
me
t b
y
th
e c
he
mi
ca
l o
bje
cti
ves
:
de
sc
ri
bi
ng
a d
es
ir
ed
co
nd
it
io
n o
f e
ac
h l
ak
e o
r s
ub
sy
st
em
, a
nd
th
e c
on
ce
rn
tha
t
sy
ne
rg
is
m m
ig
ht
pr
ev
en
t t
he
de
si
re
d l
eve
l o
f p
rot
ect
ion
, d
es
pi
te
th
e a
ch
ie
ve
me
nt
of
all
in
di
vi
du
al
ch
em
ic
al
obj
ect
ive
s.
Th
e d
es
ir
ed
co
nd
it
io
n o
f i
nd
iv
id
ua
l l
ake
s s
ho
ul
d l
arg
ely
be
de
te
rm
in
ed
by
his
tor
i-
cal
con
dit
ion
.
Th
is
is
th
e o
nl
y s
tat
e,
ot
he
r t
ha
n a
de
gr
ad
ed
on
e,
tha
t c
an
be
do
cu
me
nt
ed
an
d h
en
ce
,
jus
tif
ied
as
a g
oa
l t
o b
e s
ou
gh
t.
On
th
e o
th
er
ha
nd
, i
t i
s n
ai
ve
to
as
su
me
tha
t h
um
an
s a
nd
th
e c
ha
ng
es
as
so
ci
at
ed
wi
th
th
em
ca
n b
e r
em
ov
ed
fr
om
th
e s
ys
te
m.
Wh
et
he
r t
he
sy
st
em
ca
n b
e r
et
ur
ne
d t
o a
sta
te
su
fﬁ
ci
en
t t
o p
ro
vi
de
for
th
e s
eve
ral
ind
ica
tor
s o
f s
ys
te
m c
on
di
ti
on
re
ma
in
s t
o b
e s
een
.
If i
t c
an,
su
ch
a
co
nd
it
io
n w
ill
no
t b
e i
den
tic
al
wi
th
tha
t p
rio
r t
o 1
850
.
The Subcommittee undertook work on:
-
ex
te
nd
in
g t
he
us
e o
f e
co
sy
st
em
obj
ect
ive
s f
or
la
ke
tro
ut
an
d P
ont
opo
rei
a h
oyi
as
ind
ica
tor
s o
f
oligotrophic ecosystems
-
de
ve
lo
pm
en
t o
f e
co
sy
st
em
obj
ect
ive
s f
or
me
so
tr
op
hi
c w
at
er
s
-
sel
ect
ion
of
ma
mm
al
ia
n,
av
ia
n a
nd
rep
til
e s
pec
ies
as
ind
ica
tor
s o
f e
co
sy
st
em
he
al
th
Th
e S
ub
co
mm
it
te
e h
as
als
o n
ot
ed
tha
t i
t i
s n
ow
fea
sib
le
to
de
ve
lo
p a
co
mp
ar
ab
le
set
of
int
egr
ati
ve.
ind
ica
tor
s f
or
sh
al
lo
w,
wa
rm
-w
at
er
ne
ar
sh
or
e h
abi
tat
s.
Su
ch
wa
te
rs
wo
ul
d
in
cl
ud
e m
an
y o
f t
he
de
-
gr
ad
ed
Ar
ea
s o
f C
on
ce
rn
, H
eri
tag
e A
re
as
of
the
coa
sta
l z
on
e a
nd
cri
tic
al
inu
nda
tio
n z
on
es
du
e t
o
ﬂuc
tua
tio
ns
of
wa
te
r l
eve
ls
an
d f
low
s.
Fo
r s
uc
h w
ate
rs,
sm
al
lm
ou
th
bas
s,
a c
ent
rar
chi
d,
is
a l
ike
ly
can
did
ate
.
Th
e S
ub
co
mm
it
te
e c
oul
d n
ot
un
de
rt
ak
e t
he
app
rop
ria
te
st
udy
to
fin
d a
nd
ass
ess
can
did
ate
spe
cie
s f
or
thi
s p
urp
ose
, w
it
ho
ut
inf
rin
gin
g o
n t
he
res
pon
sib
ili
ty
of
the
Par
tie
s t
o s
et e
co
sy
st
em
obj
ec-
tives.
In
the
197
8 G
LW
QA
as
am
en
de
d,
Su
pp
le
me
nt
to
An
ne
x 1
, i
tem
s 3
(a)
an
d (
b)
co
mm
it
the
Par
tie
s t
o
the
use
of
lak
e t
rou
t (
Sal
vel
inu
s n
ama
ycu
sh)
an
d P
ont
opo
rei
a h
oyi
as
lak
e e
co
sy
st
em
ind
ica
tor
s f
or
La
ke
Sup
eri
or
an
d c
om
mi
t t
he
Par
tie
s t
o t
he
ext
ens
ion
of
the
de
ve
lo
pm
en
t a
nd
use
of
ec
os
ys
te
m i
ndi
cat
ors
for
the
oth
er
Gr
ea
t L
ake
s.
Mo
re
spe
cif
ic
ref
ere
nce
to
thi
s i
ssu
e i
s f
ou
nd
in
An
ne
x 1
1.
Th
e E
co
sy
st
em
Obj
ect
ive
s S
ub
co
mm
it
te
e,
un
de
r i
ts e
arl
ier
des
ign
ati
on
of
Aq
uat
ic
Ec
os
ys
te
ms
Obj
ect
ive
s C
om
mi
tt
ee
(A
EO
C)
, c
ons
ult
ed
inf
orm
all
y w
it
h f
ish
eri
es
exp
ert
s i
n a
n a
tte
mpt
to
int
ere
st
fis
her
y a
gen
cie
s i
n c
om
mi
tm
en
ts
con
cer
nin
g l
ake
tro
ut
in
the
197
8 G
LW
QA
an
d i
ts 1
987
Pro
toc
ol.
Th
es
e
con
sul
tat
ion
s l
ed
to
an
as
se
ss
me
nt
of
the
fea
sib
ili
ty
of
ext
end
ing
the
use
of
lak
e t
rou
t a
s a
n i
nte
gra
tiv
e
ind
ica
tor
of
hea
lth
y o
lig
otr
oph
ic,
de
ep
par
ts
of
the
Gre
at
Lak
es,
to
oth
er
lak
es.
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 The Board recommends that:
0
The
Par
tie
s e
xte
nd
the
use
of
inf
orm
ati
on
on
the
eco
log
ica
l s
tat
us
of
the
lak
e t
rou
t (
Sal
vel
inu
s
nam
ayc
ush
) a
nd
Pon
top
ore
ia
hoy
i a
s a
n e
cos
yst
em
obj
ect
ive
for
the
oli
got
rop
hic
wat
ers
of L
ake
Sup
eri
or
to
oli
got
rop
hic
wat
ers
ofo
the
r l
ake
s a
nd
con
nec
tin
g c
han
nel
s
In
add
iti
on
to c
ons
ide
rin
g d
ata
rel
eva
nt
to
the
dev
elo
pme
nt
of t
he
abo
ve
tw
o t
ype
s o
f ob
jec
tiv
e,
the
EO
C h
as
als
o b
een
con
cer
ned
wit
h t
he
ass
ess
men
t o
f th
e h
aza
rds
to
the
Gre
at
Lak
es
sys
tem
pos
ed
by
the
lar
ge
nu
mb
er
of
che
mic
als
rep
ort
ed
as
pre
sen
t i
n t
he
dif
fer
ent
par
ts
of
the
sys
tem
. T
his
act
ivi
ty w
as
int
end
ed
to p
rov
ide
a ra
tio
nal
bas
is f
or t
he s
ele
cti
on o
f ch
emi
cal
s fo
r ob
jec
tiv
e de
vel
opm
ent
and
als
o to
ass
ist
in
the
ide
nti
fic
ati
on
of
spe
ciﬁ
c d
ata
nee
ds
for
tha
t p
urp
ose
.
All
of t
he p
rec
edi
ng h
ave
bee
nadd
res
sed
to o
ne e
xten
t or
ano
the
r du
rin
g th
e pr
esen
t re
port
ing
per
iod
and
app
ear
in t
he m
ain
bod
y of
the
rep
ort
of t
he E
cos
yst
em
Obj
ect
ive
s S
ubc
omm
itt
ee
of t
he
Ecological Committee of the Science Advisory Board.
5.2
ME
SO
TR
OP
HI
C I
ND
IC
AT
OR
S:
WA
LL
EY
E (
ST
IZ
OS
TE
DI
ON
VI
TR
EU
M
VITRElIlVI) AND MAYFLY (HEXAGENIA LIMBATA)
With
in t
he G
reat
Lake
s ba
sin,
meso
trop
hic
wate
rs a
re us
uall
y in
term
edia
te in
dept
h an
d ar
e
repr
esen
ted
by t
he w
este
rn a
nd c
entr
al ba
sins
of L
ake
Erie,
the
Bay
of Q
uint
e in
Lake
Onta
rio,
Sagi
naw
Bay
and
part
s of
Geor
gian
Bay
in La
ke H
uron
, lo
wer
Gree
n Ba
y in
Lake
Mich
igan
and
Blac
k Ba
y in
Lake
Superior.
The
Meso
trop
hic I
ndica
tors
Work
Grou
p wa
s cha
rged
by th
e Eco
syst
em Ob
jecti
ves C
ommi
ttee
to
ident
ify a
pprop
riate
indic
ator
orga
nism
s for
meso
trop
hic l
ake e
cosys
tems
in th
e Gre
at La
kes b
asin.
Great
Lake
s eco
syte
ms ar
e sub
jecte
d to m
ultip
le st
resse
s, in
cludi
ng dr
edgin
g, ov
erfis
hing
and
intro
duc-
tions
of ex
otic s
pecie
s as w
ell a
s dis
charg
es of
heat,
nutri
ents,
metal
s and
persi
stent
toxic
subst
ances
.
Meas
urem
ent
of th
e effe
cts of
multi
ple s
tress
es te
nds t
o be r
eﬂect
ed be
tter t
hrou
gh co
mmun
ity
ap-
proaches than through the application of species, stock or population techniques.
One
pract
ical a
ppro
ach t
o the
meas
urem
ent o
f com
muni
ties
is to
appl
y the
"har
moni
c com
muni
ty”
conce
pt to
Great
Lake
s sys
tems.
The
harm
onic
comm
unit
y is c
ompr
ised
of in
digen
ous s
pecie
s tha
t hav
e
co-existed for a long time. In the harmonic condition, in aquatic communities these fishes are grouped
b y ecological function, and tend to maintain themselves in appropriate ratios for efficient energy
transfer, even when subjected to moderate fishing stress. For example, a mesotrophic fish community
for Lake Erie may consist of major functional groups including predatorssuch as the walleye (Stizoste-
dion vitreum oitreum), the northern pike (Esox lucius); sauger (Stizostedion canadense); blue pike (Stizoste—
dion vitreum glaucum), a small predator feeding both pelagically and on the bottom; yellow perch (Perca
flavescens); and large benthic feeders such as various species of suckers (Catostomus sp., Moxostoma sp.),
in addition to a host of other species, including some abundant prey species.
The common misconceptic‘m of a community approach for evaluating the health of mesotrophic
systems is the perceived need to closely monitor over time, each and every species that is a part of the
community. In fact, only key species occupying integrative nodes need to be monitored. Hence, for
mesotrophic systems, the walleye has been identified as a keystone predator, that is essential to the well-
being of the rest of the community. If the walleye maintains its ecological role as predator within the
percid harmonic community, it will also retain its ecological ratio to other members of the community.
It will grow at a normal rate, and reach maturity at the appropriate time and reproduce at an optimal
rate. Accordingly, that particular mesotrophic ecosystem may be deduced to be free from inordinately
large cultural stresses, with the possible exception of sub-detectable levels of toxic contaminants. If
contaminants are sufﬁciently low that grth is not inhibited, reproduction or other metabolic or
genetic attributes are not altered markedly, and are low enough in concentration to be acceptable for
human consumption without the need for restrictive advisories, then the mesotrophic system may be
said to be in a moderately healthy state. This assessment does not, of course, address the suitability of
these fish as prey items for terminal predators such as mink, otter, osprey and bald eagles.
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 In t
his
inst
ance
, wh
ile
onl
y a
sing
le s
peci
es w
as
use
d to
det
erm
ine
the
rela
tive
leve
l of
eco
sys
tem
heal
th,
it w
as
use
d as
a ke
y co
mmu
nit
y c
omp
one
nt r
athe
r th
an f
or i
ts de
tail
ed s
peci
ﬁc a
ttri
bute
s. T
he
wall
eye,
ther
efor
e, w
as
util
ized
as a
n in
dica
tor
repr
esen
tati
ve o
f a
har
mon
ic p
erci
d co
mmu
nit
y, w
hic
h
in itself, is an indicator of a healthy mesotrophic ecosystem.
Idea
lly,
com
ple
men
tar
y sp
ecie
s m
ay
be u
sed
to a
dd
con
fid
enc
e to
the
init
ial a
sse
ssm
ent
mad
e on
the
basi
s of
a si
ngle
spec
ies.
In t
his
inst
ance
, a
com
ple
men
tar
y o
rga
nis
m re
pres
enta
tive
of c
omm
uni
ty
inte
grat
ion
at a
diff
eren
t tr
ophi
c le
vel
fro
m th
at o
ccu
pie
d by
the
wal
ley
e wo
uld
be d
esir
able
. F
oll
owi
ng
a re
vie
w of
seve
ral
can
did
ate
spec
ies,
the
Wor
k G
rou
p re
ach
ed a
con
sen
sus
that
the
may
ﬂy
(Hex
agen
ia
limba
ta),
repr
esen
tati
ve o
f a d
iver
se be
nthi
c co
mmun
ity,
was
prob
ably
the
indi
cato
r or
gani
sm t
hat b
est
com
ple
men
ted
the
wal
ley
e wi
th l
ittle
ove
rla
p in
the
sys
tem
prop
erti
es r
epre
sent
ed.
Hex
age
nia
is a
n
imp
ort
ant
foo
d it
em f
or b
oth
sub-
adul
t an
d ad
ult
wall
eyes
. I
t is
stro
ngly
indi
cati
ve o
f he
alt
hy s
ubst
rate
s
wit
h ad
equ
ate
leve
ls o
f di
ssol
ved
oxy
gen
in t
he o
verl
ying
wat
er c
olu
mns
. H
exag
em'
a ab
und
anc
e is
easi
ly
quan
tifi
ed a
nd
man
y d
ata
exis
t ab
out
past
leve
ls o
f ab
und
anc
e.
It oc
cup
ies
an i
nteg
rati
ve n
ode
in t
he
eco
sys
tem
in t
hat
it te
nds
to r
eﬂec
t th
e ef
fect
s of
inte
ract
ions
at t
he s
edi
men
t-w
ate
r in
terf
ace.
As
this
part
icul
ar e
cot
one
is no
t ad
dre
sse
d di
rect
ly w
hen
usi
ng t
he w
all
eye
as a
n in
dica
tor,
Hex
age
nia
pro
vid
es
addi
tion
al i
nfo
rma
tio
n re
gar
din
g th
e st
ate
of t
he m
eso
tro
phi
c sy
ste
m th
at d
oes
not
dupl
icat
e th
at
pro
vid
ed b
y wa
lley
e.
As
such
, He
xag
eni
a m
ay
be v
iew
ed
as a
n in
dica
tor
that
is c
omp
lem
ent
ary
to t
he
wal l ey e .
5.2.1 RECOMMENDED OBJECTIVES
A h
igh
qual
ity
mes
otr
oph
ic e
nvi
ron
men
t of
mod
era
te d
ept
h in
the
Gre
at L
ake
s su
ppo
rts
a co
ol-
wat
er c
omm
uni
ty
of o
rga
nis
ms d
omi
nat
ed b
y a
suit
e of
larg
e pe
rcid
s of
whi
ch t
he w
all
eye
is t
he p
rinc
i-
pal
pred
ator
. T
he
nati
ve s
peci
es o
f th
is m
eso
tro
phi
c co
mmu
nit
y re
pro
duc
e na
tura
lly,
and
reta
in a
sem
bla
nce
of p
red
ict
abl
e st
ead
y-s
tat
e ov
er
tim
e w
ith
res
pec
t to
the
rest
of t
he c
omm
uni
ty.
Mai
nte
nan
ce
of t
his
stat
e al
low
s fo
r re
aso
nab
le l
evel
s of
harv
est
pro
por
tio
nat
e to
indi
vidu
al s
peci
es a
bun
dan
ce.
Com
ple
men
tar
y to
the
pers
iste
nce
of a
coo
l-wa
ter
perc
id c
omm
uni
ty
sho
uld
be a
hea
lth
y c
omm
u-
nit
y of
bot
tom
fau
na,
wit
h th
e m
ayf
ly
(He
xag
eni
a li
mba
ta)
as t
he d
omi
nan
t b
ent
hic
org
ani
sm.
Eac
h o
f th
ese
spe
cie
s is
an
int
egr
ati
ve i
ndi
cat
or o
f th
e qu
ali
ty o
f Gr
eat
Lak
es
mes
otr
oph
ic
sub
sys
-
tems
. T
he P
arti
es s
hou
ld u
se t
hese
spec
ies
to s
peci
fy q
uant
itat
ive
eco
sys
tem
obje
ctiv
es f
or m
eso
tro
phi
c
waters in the various lakes and connecting channels.
It is recommended that:
0
The
Part
ies
use
the
wal
ley
e (S
tizo
sted
ion
vit
reu
m v
itr
eum
) an
d t
he m
ayf
ly
(He
xag
eni
a l
imb
ata
)
as i
ndic
ator
s of
the
qual
ity
of c
ool,
mes
otr
oph
ic w
ate
rs i
n th
e va
rio
us l
akes
and
con
nec
tin
g ch
ann
els
All
vert
ebra
te,
inve
rteb
rate
and
plan
t sp
ecie
s wi
thi
n th
e he
alt
hy m
eso
tro
phi
c ec
osy
ste
m sh
oul
d be
con
tam
ina
nt-
fre
e an
d th
e po
rtio
n ha
rve
ste
d fo
r hu
man
con
sum
pti
on s
hou
ld c
onst
itut
e a
pala
tabl
e an
d
safe
foo
d pr
odu
ct.
'
'
Sha
llo
w ne
ars
hor
e wa
ter
s of
the
lake
s an
d co
nne
cti
ng c
han
nel
s ar
e of
ten
rela
tive
ly e
utro
phic
.
Man
y ar
eas
of c
onc
ern
cont
ain
suc
h wa
ter
s in
deg
rad
ed s
tate
s; n
ume
rou
s pr
isti
ne a
reas
also
cont
ain
such subsystems.
In s
uch
wat
ers
the
sma
llm
out
h ba
ss,
a ce
ntra
rchi
d, i
s a d
omi
nan
t pr
edat
or.
The
rati
onal
e fo
r its
use
as a
n in
tegr
ativ
e in
dica
tor
sho
uld
be d
eve
lop
ed a
lon
g ge
nera
l li
nes
simi
lar
to t
he B
oar
d’s
effo
rts
with
the
olig
otro
phic
and
meso
trop
hic
indi
cato
rs.
This
spec
ies
coul
d th
en b
e us
ed t
o sp
ecif
y ec
osys
tem
obje
ctiv
es f
or n
ume
rou
s in
sho
re e
utr
oph
ic e
nvi
ron
men
ts i
n th
e la
kes
and
rive
rs.
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 It is recommended that:
0
The
Par
tie
s un
der
tak
e to
dev
elo
p a
n e
cos
yst
em
obj
ect
ive
for
sha
llo
w n
ear
sho
re
wat
ers
of t
he l
ake
s a
nd
connecting channels
5.3 TERMINAL PREDATORS
Th
e S
ubc
omm
itt
ee
has
als
o c
ons
ide
red
so
me
ma
mm
al
s (
ott
er,
min
k),
bir
ds
(gu
lls
, te
rns
, ea
gle
s)
and
rept
iles
(tur
tles
) as
pos
sib
le c
and
ida
tes
as i
nte
gra
tiv
e in
dic
ato
rs o
f th
e co
ast
al z
one
. A
ll
of t
hes
e cr
ea-
tur
es
are
hea
vil
y d
epe
nde
nt
on
the
aqu
ati
c f
ood
web
and
thu
s re
ﬂec
t th
e he
alt
h of
the
aqu
ati
c s
yst
em.
The
first
org
ani
sm f
or w
hic
h ba
ckg
rou
nd i
nfo
rma
tio
n wa
s de
vel
ope
d wa
s th
e ba
ld e
agle
(Hal
iaee
tus
leuc
ocep
halu
s).
It w
as
con
clu
ded
tha
t th
e ba
ld
eag
le i
s on
e o
f th
e mo
st
sen
sit
ive
spe
cie
s to
the
pre
sen
ce o
f pe
rsis
tent
toxi
c su
bsta
nces
. M
uch
of t
he b
ald
eagl
e po
pul
ati
on i
n th
e Gr
eat
Lak
es b
asin
has
been severely affected by these compounds.
Leve
ls o
f pe
rsis
tent
toxi
c su
bst
anc
es h
ave
dec
lin
ed s
igni
fica
ntly
dur
ing
the
past
fift
een
year
s, a
nd
in s
ome
area
s, su
ch a
s La
ke S
uper
ior
and
Lake
Erie,
the
bald
eagl
e ha
s be
en a
ble t
o suc
cess
full
y ree
s-
tablish itself on the coastal areas of the Great Lakes.
The
bald
eagl
e, as
one
of th
e mo
st s
ensi
tive
"ben
efic
ial u
ses”
of th
e wa
ters
of th
e Gr
eat
Lake
s, c
an
be u
sed
as a
n ec
osys
tem
obje
ctiv
e to
defi
ne t
he “v
irtu
al e
limi
nati
on" o
f per
sist
ent t
oxic
subs
tanc
es f
rom
the Great Lakes Basin Ecosystem.
5.3.1
DEV
ELO
PME
NT O
F AN
ECO
SYS
TEM
OBJE
CTIV
E FO
R TH
E BA
LD E
AGL
E
Thro
ugho
ut th
e con
tiguo
us Un
ited
State
s, re
cover
y pla
ns ha
ve be
en pr
epar
ed fo
r bal
d eag
le
popu
lati
ons.
The
Grea
t La
kes
basi
n is
incl
uded
in th
e rec
over
y pl
an f
orth
e no
rthe
rn st
ates.
Ther
e ha
ve
been
stead
ily in
creas
ing n
umbe
rs of
nesti
ng ba
ld ea
gles
and
conti
nued,
gener
ally
high
produ
ctivi
ty in
the r
egion
addr
esse
d by
the N
orth
ern S
tates
Bald
Eagle
Reco
very
Plan.
With
in th
is re
gion
there
has
been
only
a lim
ited
recov
ery o
f the
popul
ation
that
forme
rly n
ested
on th
e sho
relin
es of
the G
reat
Lakes
.
Much
of th
e Gre
at La
kes B
asin
Ecos
yste
m rem
ains
too t
oxic f
or th
e suc
cessf
ul re
estab
lishm
ent o
f bal
d
eagle
territ
ories.
Base
d on
histo
rical
data
and
asse
ssme
nt of
the r
emai
ning
avail
able
habit
at, th
e pre
s-
ence of the following interim numbers of pairs for each lake would constitute one aspect of the
"recovery":
Lake Michigan... ............................................... 40
Lake Superior .................................................. 100
Lake Nipigon .................................................... 50
Lake Huron ...................................................... 100
Lake Erie .......................................................... 40
Lake Ontario .................................................... 20
Though available population models for bald eagles (Grier 1982) remain unvalidated, this species
has low recruitment rates, high adult survival rates and slow population turnover. Young (1968)
produced a mathematical model that described the more severe effects that increasing adult mortality
would have upon bald eagle populations, compared with reproductive impairment as a result of insecti-
cide exposure.
Sprunt et al. (1973) found that a stable bald eagle population produces 0.7 young per occupied nest
and at the same time 50% of the occupied nests are successful. This model suggests that populations
with successful nests producing 1.4 or more ﬂedglings are relatively unstressed and healthy. Con-
versely, a population producing fewer than 0.7 ﬂedglings per occupied nest is exhibiting some sort of
stress. It is recommended that the condition of the Great Lakes be restored to the degree that the
productivity of the “recovered” bald eagle population should be 1.0 fledged young per occupied nest
and that more than 50% of the occupied territories should be producing ﬂedged young.
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 Nisb
et (
1987
) ha
s sh
own,
on t
he ba
sis o
f sta
tisti
cal a
naly
sis o
f the
rela
tion
ship
betw
een
orga
no-
chlo
rine
resi
dues
in b
ald
eagl
e eg
gs a
nd r
epro
duct
ive
succ
ess,
that
an i
ncip
ient
decl
ine i
n pro
duct
ivit
y is
asso
ciat
ed w
ith
abou
t 2.5
ppm
DDE
in th
e eg
gs.
Wie
mey
er e
t al.
(198
4) i
ndic
ated
that
a pr
oduc
tion
of
one
you
ng p
er o
ccup
ied
bree
ding
area
was
asso
ciat
ed w
ith
1.3 p
pm
DDE
in ba
ld e
agle
eggs
, 0.7
you
ng
with
3.5 p
pm
and
0.25
you
ng w
ith
15 p
pm.
A D
DE
conc
entr
atio
n of
1 pp
m in
bald
eagl
e eg
gs s
houl
d
be l
ow e
nou
gh t
o no
t be
asso
ciat
ed w
ith
biol
ogic
ally
impo
rtan
t re
duct
ions
in pr
oduc
tivi
ty.
Simi
larl
y, re
sear
ch (
Lock
ie et
al. 1
969)
on S
cott
ish g
olde
n ea
gles
(Aqu
ila c
hrysa
etos)
indi
cate
d
inci
pien
t em
bryo
nic
mort
alit
y at
leve
ls of
diel
drin
of a
bout
0.34
ppm
. It
is re
com
men
ded
that
the
leve
l
of dieldrin in bald eagle eggs should not exceed 0.2 ppm.
Whil
e DD
E se
ems
to be
the
com
pou
nd t
hat h
as c
ause
d th
e mo
st s
erio
us ef
fects
on b
ald
eagl
e
prod
ucti
on (
Wie
meye
r et
al. 1
984;
Nis
bet 1
987)
, PC
Bs a
re im
plic
ated
in em
bryo
nic
mort
alit
y, r
educ
ed
prod
ucti
on a
nd d
evel
opme
ntal
abno
rmal
itie
s in
man
y av
ian
spec
ies.
Leve
ls of
PCB
s in
bald
eagl
e eg
gs
are
co-c
orre
late
d wi
th l
evel
s of
DDE
, th
us it
has
prov
ed d
iffic
ult t
o se
para
te th
e eff
ects
of P
CB o
n av
ian
repr
oduc
tion
from
the
effec
ts of
DDE
. B
ased
on a
n an
alys
is of
prod
ucti
vity
data
and
egg
resi
due
data
,
Wie
mey
er e
t al.
(198
4) i
ndic
ated
that
ther
e wa
s no
stati
stica
lly s
igni
fica
nt de
crea
se i
n pr
oduc
tion
up t
o
20 p
pm
of P
CB i
n bal
d ea
gle
eggs
. Th
e da
ta, h
owev
er,
indi
cate
d th
at to
atta
in th
e obj
ecti
ve of
one
you
ng
per
acti
ve ne
st, t
he le
vel o
f PC
B wo
uld
have
to be
belo
w 4 p
pm.
This
ﬁgur
e is
cons
iste
nt w
ith
othe
r da
ta
from
Grea
t La
kes
stud
ies o
f ba
ld e
agle
prod
ucti
on v
ersu
s or
gano
chlo
rine
resi
due
anal
ysis
in wh
ich
a
thr
esh
old
val
ue f
or a
red
uct
ion
in p
rod
uct
ion
fro
m on
e yo
ung
per
acti
ve n
est
cor
res
pon
ded
to 4
ppm
PCB
. I
t is
also
cons
iste
nt w
ith
the
find
ings
in o
ther
stud
ies
on a
via
n re
prod
ucti
on.
Pla
ton
ow a
nd
Rei
nha
rt (
1973
) sh
owe
d re
duc
ed h
atch
abil
ity
of c
hic
ken
egg
s at
leve
ls a
bov
e 5
ppm
. K
ubi
ak e
t al.
(198
9)
foun
d ev
iden
ce of
ede
ma i
n em
bryo
s in
eggs
from
a “r
efer
ence
” co
lony
that
was
part
of th
e 19
83 F
or-
ster
’s t
ern
stu
dy i
n Wi
Sco
nsi
n.
The
ave
rag
e le
vel
of P
CB
in t
he r
efer
ence
col
ony
was
4.5
ppm
. B
ald
eagl
es a
re a
mon
g th
e sp
ecie
s th
at h
ave
exhi
bite
d th
e cr
osse
d-bi
ll p
hen
ome
non
cons
iste
nt w
ith
the
pre
sen
ce o
f PC
Bs a
nd
rela
ted
com
pou
nds
wit
h di
oxin
-lik
e ac
tivi
ty.
The
pre
sen
ce o
f th
ese
tera
toge
nic
com
pou
nds
in t
he G
rea
t La
kes
eco
sys
tem
mus
t be
trea
ted
wit
h co
ncer
n.
It is
ther
efor
e re
com
men
ded
that
an i
nter
im P
CB
obje
ctiv
e fo
r eg
gs o
f ba
ld e
agle
s in
the
Gre
at L
ake
s ba
sin
sho
uld
be 4
ppm
.
Org
ano
chl
ori
ne c
omp
oun
ds
hav
e ca
use
d mo
rtal
ity
in a
dult
bal
d ea
gles
. It
is r
eco
mme
nde
d th
at
the
leve
ls o
f or
gan
och
lor
ine
che
mic
als
in G
rea
t La
kes
foo
dch
ain
s sh
oul
d be
red
uce
d to
the
deg
ree
that
adul
t ba
ld e
agle
s ar
e no
t ki
lled
. T
he
brai
n le
vels
asso
ciat
ed w
ith
dea
th i
n pa
sser
ines
are
a gu
ide
to t
he
leve
ls th
at sh
ould
not
be e
xcee
ded
(Stic
kel e
t al.
1969
; 197
0; 1
979;
1984
). I
n de
velo
ping
an o
bjec
tive
,
leve
ls s
hou
ld b
e lo
wer
tha
n th
ese
leve
ls a
ssoc
iate
d wi
th m
orta
lity
by a
t le
ast
a fa
ctor
of t
en.
Thu
s th
e
leve
ls of
orga
noch
lori
ne c
hemi
cals
foun
d in
the b
rain
s of
dead
eagl
es s
houl
d no
t ex
ceed
the
foll
owin
g
concentrations:
 
Dieldrin . ................. 0.4 ppm
Heptachlor epoxide ........................................ 0.9 ppm
Technical chlordane:
Heptachlor epoxide ....... 0.34 ppm
Oxychlordane ............................................ 0.11 ppm
DDT + DDD/S + DDE/15 .............................. 2.0 ppm
Polychlorinated biphenyls .............................. 31 ppm
Not
hin
g in
thes
e re
com
men
dat
ion
s sh
oul
d be
con
str
ued
as p
erm
iss
ion
to r
elea
se,
by w
hat
eve
r
mean
s, t
hese
pers
iste
nt to
xic s
ubst
ance
s int
o th
e Gr
eat
Lake
s Ba
sin
Ecos
yste
m.
5.3.2 RECOMMENDED OBJECTIVES
It is recommended that:
0
The P
artie
s imp
lemen
t the
ecosy
stem
object
ives,
summa
rized
below
, that
specif
y: th
e num
ber o
f pair
s
of ba
ld ea
gles
(Hal
iaee
tus l
eucoc
ephal
us),
their
produ
ctivi
ty, a
nd e
gg an
d br
ain r
esidu
es as
socia
ted
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 wi
th
th
e
vi
rt
ua
l
el
im
in
at
io
n
of
pe
rs
is
te
nt
to
xi
c
su
bs
ta
nc
es
fr
om
th
e
Gr
ea
t
La
ke
s
a
n
d
in
te
rc
on
ne
ct
in
g
channels
0
Gr
ea
t
la
ke
s
fi
sh
an
d
wi
ld
li
fe
ut
il
iz
ed
as
pr
ey
it
em
s
by
ba
ld
ea
gl
es
sh
ou
ld
be
su
ff
ic
ie
nt
ly
un
co
nt
am
i-
na
te
d
to
al
lo
w
fo
r
th
e
su
cc
es
sf
ul
ha
tc
hi
ng
of
ba
ld
ea
gl
e
eg
gs
an
d
th
e
su
rv
iv
al
of
im
ma
tu
re
an
d
ad
ul
t
ba
ld
ea
gl
es
co
nf
ir
me
d
to
be
ut
il
iz
in
g
th
e
Gr
ea
t
La
ke
s
as
a
pr
im
ar
y
fe
ed
in
g
ar
ea
0
Th
e
Gr
ea
t
La
ke
s
be
re
st
or
ed
to
th
e
de
gr
ee
th
at
th
e
fo
ll
ow
in
g
in
te
ri
m
m
i
n
i
m
u
m
nu
mb
er
of
ba
ld
ea
gl
e
pa
ir
s
ar
e
pr
es
en
t
in
oc
cu
pi
ed
te
rr
it
or
ie
s:
la
ke
Mi
ch
ig
an
.
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
..
40
La
ke
Su
pe
ri
or
.
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
. 1
00
La
ke
Ni
pi
go
n.
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
.
50
La
ke
Hu
ro
n.
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
10
0
La
ke
Er
ie
.
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
.
40
La
ke
On
ta
ri
o.
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
.
20
0
Th
e
pr
od
uc
ti
vi
ty
of
th
e
re
st
or
ed
ba
ld
ea
gl
e
po
pu
la
ti
on
sh
ou
ld
be
1.
0 f
le
dg
ed
yo
un
g
pe
r
oc
cu
pi
ed
te
rr
it
or
y,
wi
th
mo
re
th
an
5
0
%
of
th
e
oc
cu
pi
ed
te
rr
it
or
ie
s
pr
od
uc
in
g
ﬂe
dg
ed
yo
un
g
0
Wh
en
un
ha
tc
he
d
eg
gs
ar
e
co
ll
ec
te
d,
fo
r
in
st
an
ce
du
ri
ng
ba
nd
in
g
op
er
at
io
ns
,
le
ve
ls
of
or
ga
no
ch
lo
ri
ne
ch
em
ic
al
s
in
ba
ld
ea
gl
e
eg
gs
sh
ou
ld
be
le
ss
th
an
th
e f
ol
lo
wi
ng
co
nc
en
tr
at
io
ns
on
a
we
t-
we
ig
ht
ba
si
s:
DD
E,
1.
0
pp
m;
di
el
dr
in
, 0
.2
pp
m
an
d
PC
B,
4.
0
pp
m
0
Wh
er
e
ca
rc
as
se
s
of
ba
ld
ea
gl
es
ar
e
re
co
ve
re
d
fr
om
th
e
Gr
ea
t
La
ke
s
Ba
si
n
Ec
os
ys
te
m,
th
e
br
ai
n
re
si
du
e
le
ve
ls
sh
ou
ld
no
t
ex
ce
ed
th
ef
ol
lo
wi
ng
on
a
we
t-
we
ig
ht
ba
si
s:
di
el
dr
in
, 0
.4
pp
m;
he
pt
ac
hl
or
ep
ox
id
e,
0.
9
pp
m;
te
ch
ni
ca
l
ch
lo
rd
an
e,
0.
34
pp
m
he
pt
ac
hl
or
ep
ox
id
e
an
d
0.
11
pp
m
ox
yc
hl
or
da
ne
;
D
D
T
+
D
D
D
/
5
+
DD
E/
15
,
2.
0
pp
m;
po
ly
ch
lo
ri
na
te
d
bi
ph
en
yl
s,
31
pp
m
0
Ag
en
ci
es
of
th
e P
ar
ti
es
an
d
ju
ri
sd
ic
ti
on
s,
re
sp
on
si
bl
e f
or
re
st
or
at
io
n
of
Gr
ea
t
La
ke
s
ba
ld
ea
gl
e
po
pu
la
-
ti
on
s,
sh
ou
ld
id
en
ti
fy
an
d
le
ga
ll
y
pr
ot
ec
t h
ab
it
at
th
at
is
su
it
ab
le
fo
r b
al
d e
ag
le
oc
cu
pa
ti
on
,
su
rv
iv
al
an
d
re
pr
od
uc
ti
on
.
Th
e N
or
th
er
n
St
at
es
Ba
ld
Ea
gl
e
Re
co
ve
ry
Pl
an
sh
ou
ld
st
at
e s
pe
ci
fi
c o
bj
ec
ti
ve
s f
or
ba
ld
ea
gl
e
ma
na
ge
me
nt
ne
ar
Gr
ea
t L
ak
es
sh
or
el
in
es
.
Ch
em
ic
al
-s
pe
ci
fi
c o
bj
ec
ti
ve
s
sh
ou
ld
be
de
ve
lo
pe
d f
or
co
nt
am
in
an
ts
in
pr
ey
or
ga
ni
sm
s t
o p
ro
te
ct
Gr
ea
t L
ak
es
po
pu
la
ti
on
s o
f b
al
d e
ag
le
s
0
No
th
in
g i
n t
he
se
re
co
mm
en
da
ti
on
s s
ho
ul
d
be
co
ns
tr
ue
d a
s p
er
mi
ss
io
n
to
rel
eas
e,
by
wh
at
ev
er
me
an
s,
an
y o
r a
ll
of
the
se
per
sis
ten
t t
oxi
c s
ub
st
an
ce
s i
nto
the
Gr
ea
t L
ak
es
bas
in
5.
4
P
O
T
E
N
T
I
A
L
U
S
E
O
F
T
H
E
L
A
K
E
T
R
O
U
T
A
S
A
N
E
C
O
S
Y
S
T
E
M
S
U
R
R
O
G
A
T
E
F
O
R
L
A
K
E
S
H
U
R
O
N
A
N
D
M
I
C
H
I
G
A
N
Th
e
la
ke
tr
ou
t a
s a
n
in
di
ca
to
r o
f a
co
ld
-w
at
er
co
mm
un
it
y
wa
s
pr
op
os
ed
as
a f
ea
si
bl
e a
pp
ro
ac
h
fo
r
th
e
de
te
rm
in
at
io
n o
f t
he
re
la
ti
ve
st
at
e o
f h
ea
lt
h
of
La
ke
Su
pe
ri
or
(R
yd
er
an
d
Ed
wa
rd
s,
19
85
).
Th
is
ap
pr
oa
ch
ha
s b
ee
n
ge
ne
ra
ll
y
ac
ce
pt
ab
le
be
ca
us
e
th
er
e a
re
su
ff
ic
ie
nt
la
ke
tr
ou
t e
xt
an
t
in
La
ke
Su
pe
ri
or
to
al
lo
w r
ea
so
ne
d j
ud
ge
me
nt
s o
n t
he
re
la
ti
ve
qu
al
it
y o
f t
he
en
vi
ro
nm
en
t,
us
in
g t
he
la
ke
tr
ou
t d
ic
ho
to
mo
us
ke
y (
Ma
rs
ha
ll
et
a1.
19
87
).
It
wa
s
al
so
in
te
nd
ed
tha
t,
aft
er
ex
te
ns
iv
e t
es
ti
ng
on
La
ke
Su
pe
ri
or
, t
he
di-
ch
ot
om
ou
s k
ey
co
ul
d b
e a
pp
ro
pr
ia
te
ly
mo
di
fi
ed
an
d
ap
pl
ie
d t
o t
he
ot
he
r u
pp
er
Gr
ea
t L
ak
es
wi
th
re
as
on
ab
le
as
su
ra
nc
e o
f t
he
res
ult
s.
Th
is
ap
pr
oa
ch
ha
s b
ee
n c
rit
ici
zed
as
in
ap
pr
op
ri
at
e f
or
La
ke
s
Michigan and Huron because:
0
La
ke
tr
ou
t a
re
no
t
re
pr
od
uc
in
g e
xt
en
si
ve
ly
in
ei
th
er
La
ke
Mi
ch
ig
an
or
La
ke
Hu
ro
n
0
Ex
ot
ic
sa
lm
on
id
s,
th
ro
ug
h i
ntr
odu
cti
on,
ha
ve
be
co
me
the
pr
ed
om
in
an
t p
re
da
to
rs
An
ot
he
r s
ug
ge
st
io
n
pr
op
os
ed
by
cri
tic
s o
f t
he
la
ke
tr
ou
t o
bj
ec
ti
ve
wa
s
th
e u
se
of
th
e e
xo
ti
c s
al
mo
-
ni
ds
as
ec
os
ys
te
m i
nd
ic
at
or
s.
Ho
we
ve
r,
thi
s p
ro
po
sa
l d
oe
s n
ot
ac
co
rd
wi
th
th
e f
un
da
me
nt
al
co
nc
ep
ts
th
at
ar
e g
er
ma
ne
to
th
e e
co
sy
st
em
su
rr
og
at
e a
pp
ro
ac
h.
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 Mo
st
of
the
exo
tic
sal
mon
ids
no
w p
rev
ale
nt
in
Lak
es
Hu
ro
n a
nd
Mic
hig
an
are
fro
m t
he
wes
t c
oas
t
of N
ort
h A
mer
ica
, a
re
ana
dro
mou
s,
an
d a
re
the
ref
ore
rep
res
ent
ati
ve
of
an
eco
sys
tem
qui
te
dif
fer
ent
fro
m th
at o
f th
e Gr
eat
Lak
es.
Mos
t o
f th
e Pa
cif
ic s
alm
oni
ds
hav
e h
ad
to m
ake
rat
her
dra
mat
ic
gen
eti
c
adj
ust
men
ts
in
ord
er
to s
urv
ive
and
rep
rod
uce
suc
ces
sfu
lly
in
the
Gre
at
Lak
es
an
d b
eca
use
of
the
ir
sho
rt-
ter
m p
res
enc
e th
ere
, th
ey
are
har
dly
rep
res
ent
ati
ve o
r ab
le t
o ac
t as
ind
ica
tor
s of
the
ind
ige
nou
s
col
d-w
ate
r c
omm
uni
ty
of t
he G
rea
t La
kes
. I
nde
ed,
the
ir l
evel
s of
stab
ilit
y an
d p
ers
ist
enc
e ar
e n
ot y
et
kn
ow
n,
esp
eci
all
y f
or
Chi
noo
k a
nd
coh
o s
alm
on,
an
d e
ven
pin
k s
alm
on,
whi
ch
hav
e b
een
pre
sen
t f
or
mo
re
tha
n t
hre
e d
eca
des
. O
nl
y i
n t
he
cas
e o
f t
he
rai
nbo
w t
rou
t h
as
so
me
sem
bla
nce
of
ste
ady
—st
ate
bee
n
att
ain
ed.
All
of t
hes
e ex
oti
c sa
lmo
nid
s h
ave
a m
uch
sho
rte
r li
fe-
spa
n th
an
the
nat
ive
lak
e t
rou
t w
hic
h
acc
umu
lat
es
and
con
cen
tra
tes
hea
vy
bod
y b
urd
ens
of c
ont
ami
nan
tso
yer
its
long
-lif
e sp
an.
The
pre
s-
enc
e of
lar
ge n
umb
ers
of e
xot
ic s
pec
ies
, wh
eth
er
thr
oug
h d
eli
ber
ate
int
rod
uct
ion
or m
ere
ly
ser
end
ipi
ty,
sho
uld
in i
tsel
f be
reg
ard
ed
as o
ne
of t
he s
ymp
tom
s o
f ec
osy
ste
m m
ala
ise
. A
cco
rdi
ngl
y,
the
EO
C d
oes
not
bel
iev
e th
at e
xot
ic s
alm
oni
ds
are
app
rop
ria
te e
ith
er a
s in
dic
ato
rs o
r in
teg
rat
ors
of t
he c
old
-wa
ter
community of the Great Lakes system.
Us
e o
f t
he
lak
e t
rou
t as
an
eco
sys
tem
ind
ica
tor
for
Lak
e M
ich
iga
n m
ay
se
em
ina
ppr
opr
iat
e i
n l
igh
t
of t
he f
act
tha
t th
ere
is v
irt
ual
ly n
o l
ake
tro
ut r
epr
odu
cti
on
ther
e.
Tha
t fa
ct i
n it
self
is a
pri
me
ind
ica
tio
n
tha
t so
met
hin
g is
crit
ical
ly w
ron
g w
ith
the
eco
sys
tem
. A
bun
dan
t a
nd
var
iab
le s
toc
ks o
f r
epr
odu
cin
g
lak
e tr
out,
wit
hou
t h
eav
y b
ody
bur
den
s o
f co
nta
min
ant
s,
are
usu
all
y in
dic
ati
ve o
f a
n u
npe
rtu
rbe
d
env
iro
nme
nt.
A s
imi
lar
con
dit
ion
for
Chi
noo
k o
r c
oho
sal
mon
, h
owe
ver
, w
ou
ld
be
les
s c
onv
inc
ing
bec
aus
e t
hey
are
mor
e r
est
ric
ted
in t
hei
r be
hav
iou
r a
nd
hab
ita
t re
qui
rem
ent
s.
Hen
ce,
as a
n e
xam
ple
,
low
bod
y b
urd
ens
of c
ont
ami
nan
ts
in P
aci
ﬁc
sal
mon
fou
nd
in t
he G
rea
t La
kes
mig
ht
reﬂ
ect
a re
str
ict
ed
and
fav
our
abl
e l
oca
l mi
lie
u, o
r, a
lte
rna
tiv
ely
, a
hig
h b
ody
bur
den
mig
ht
be
ind
ica
tiv
e on
ly
of e
ith
er
sho
rt-
ter
m or
loc
al e
ffec
ts.
In e
ith
er c
ase
, th
e re
sul
ts c
oul
d n
ot b
e e
xtr
apo
lat
ed c
onf
ide
ntl
y to
the
tota
l
system.
Wh
at
is t
he
pro
gno
sis
for
the
fut
ure
? T
he
rec
omm
end
ati
on
of
the
EO
C w
ou
ld
be
to
pro
cee
d w
ith
the
con
ser
vat
ive
app
roa
ch
usi
ng
lak
e t
rou
t as
the
pri
nci
pal
ind
ica
tor
of
the
sta
te o
f t
he
oli
got
rop
hic
sys
tem
and
its
con
tai
ned
col
d-w
ate
r co
mmu
nit
ies
, a
t le
ast
for
Lak
e H
uro
n.
Mu
ch
of t
he m
ate
ria
l in
the
dic
hot
omo
us
key
for
Lak
e S
upe
rio
r m
ay
be
app
lie
d di
rec
tly
to L
ake
Hur
on
wit
h m
ino
r m
odi
fic
ati
ons
.
App
lic
ati
on
of P
ant
opo
rei
a ho
yi t
o La
ke
Hur
on
as a
com
ple
men
tar
y in
dic
ato
r m
ay
not
be
app
rop
ria
te,
at
leas
t un
til
som
e p
rio
r ba
sel
ine
stu
die
s h
ave
bee
nco
mpl
ete
d.
How
eve
r,
goo
d q
uan
tit
ati
ve e
sti
mat
es
of
P. h
oyi
exis
t fo
r bo
th
Lak
es
Sup
eri
or
and
Mic
hig
an,
and
Lak
e H
uro
n m
ay
be
ass
ume
d to
hav
e n
atu
ral
levels similar to a mean value for these two lakes.
Cur
ren
t m
ana
gem
ent
goa
ls
for
Lak
e M
ich
iga
n m
ay
pre
clu
de t
he p
oss
ibi
lit
y of
ach
iev
ing
a h
eal
thy
eco
sys
tem
bas
ed
on
lak
e tr
out
alo
ne b
eca
use
of p
res
ent
ﬁsh
ery
man
age
men
t p
oli
cie
s wh
ich
enc
our
age
sal
mon
id
pro
duc
tio
n.
Cur
ren
tly
the
bes
t w
e c
an
hop
e f
or o
n L
ake
Mic
hig
an
is a
stat
e of
hea
lth
bas
ed o
n
a m
ixt
ure
of l
ake
trO
ut a
nd
exo
tic
sal
mon
ids
, wi
th
the
imp
lic
it u
nde
rst
and
ing
tha
t th
ese
typ
es
of s
emi
-
ind
ige
nou
s m
ixe
d fi
sh a
sse
mbl
age
s ar
e le
ss p
redi
ctab
le,
mor
e su
bjec
t to
eme
rge
nt s
urpr
ises
and
may
even
, on
occa
sion
, ma
sk e
cos
yst
em i
nsuf
fici
enci
es b
eca
use
of t
heir
nar
row
and
spec
iali
zed
biot
opes
.
5.5 COMPREHENSIVE TRACK CHEMICALS
In 1
987
, t
he E
OC
und
ert
ook
to d
o t
he e
nvi
ron
men
tal
par
t o
f th
e p
rel
imi
nar
y h
aza
rd
ass
ess
men
t of
the
hos
t of
che
mic
als
(1,0
00+)
that
had
bee
n re
por
ted
in t
he G
rea
t La
kes
and
whi
ch a
ppe
are
d in
the
198
3
"In
ven
tor
y of
Che
mic
als
Iden
tifi
ed i
n th
e Gr
eat
Lak
es B
asi
n Ec
osy
ste
m.”
The
Coo
rdi
nat
ing
Com
mit
tee
for
the
Ass
ess
men
t of
Che
mic
als
in t
he G
rea
t La
kes
Eco
sys
tem
, la
rgel
y th
rou
gh t
he e
ffor
ts o
f th
e US
.
Env
iro
nme
nta
l Pr
otec
tion
Age
ncy
, ha
d al
rea
dy r
edu
ced
the
posi
tive
iden
tifi
cati
ons
to a
mor
e ma
nag
e-
able
362.
Thi
s nu
mbe
r in
clu
ded
som
e 32
met
als
and
68 p
esti
cide
s, l
eavi
ng a
resi
dual
of 2
62 p
oten
tial
ly
toxi
c or
gan
ic c
hem
ica
ls w
hic
h ha
d ne
ver
bee
n as
sess
ed i
n te
rms
of t
heir
sign
ific
ance
in t
he e
cos
yst
em (
in
fact, they remain unassessed anywhere).
A w
ork
sho
p w
as
hel
d to
det
erm
ine
the
min
imu
m da
ta t
hat
wou
ld
be r
equi
red
to a
dva
nce
any
of
thes
e co
mpo
und
s to
a st
age
whe
re
actu
al n
ew
dat
a de
vel
opm
ent
wou
ld o
ccur
. S
uch
dat
a in
clu
ded
som
e
45
 
 asp
ect
s o
f b
ot
h e
xp
os
ur
e t
o a
nd
eff
ect
s o
f t
he
che
mic
als
. I
ncl
ude
d i
n t
hes
e d
ata
wer
e:
- the lethal dose to a mammalian species
-
the
let
hal
con
cen
tra
tio
n t
o a
n a
qua
tic
spe
cie
s
-
a m
eas
ure
of t
he
mut
age
nic
ity
as i
ndi
cat
ed
in t
est
s w
ith
at l
eas
t t
wo
cel
l li
nes
, o
ne
of
whi
ch
must be mammalian
- the octanol/water partition coefﬁcient
In a
ddi
tio
n,
it w
as
det
erm
ine
d th
at t
he f
oll
owi
ng
wou
ld
be
of n
ear
ly e
qua
l i
mpo
rta
nce
but
not
“essential”:
- the release of the chemical to the Great Lakes
- the concentrations present within the system
Leve
ls o
f co
nce
rn f
or e
ach
of t
he a
bov
e we
re g
ive
n (h
igh,
med
ium
and
low)
, an
d se
vera
l sc
hem
es
sug
ges
ted
as t
o ho
w th
e da
ta m
igh
t be
com
bin
ed t
o gi
ve a
sing
le p
ara
met
er a
s an
ass
ess
men
t of
the
com
bin
ed e
nvi
ron
men
tal
- hu
man
heal
th s
igni
fica
nce
of t
he c
hemi
cals
.
Refe
renc
es to
thes
e an
d ot
her e
nvir
onme
ntal
ly r
elev
ant d
ata
were
obta
ined
from
the w
orld
’s
comp
uter
ized
liter
ature
. Th
is s
earc
h res
ulte
d in
appr
oxim
atel
y 6,
000 r
efer
ence
s, i
nclu
ding
thei
r ab-
strac
ts, w
hich
were
to be
eval
uate
d fo
r the
ir po
ssib
le si
gniﬁ
canc
e in
the
syst
em.
The
enti
re ef
fort
was
inte
nded
as a
coar
se s
cree
n to
perm
it i
dent
ific
atio
n of
com
pou
nds
requ
irin
g mo
re w
ork
on a
prio
rity
basis
, usi
ng t
he li
mite
d re
sour
ces
avai
labl
e. U
nfor
tuna
tely
, th
e bu
lk of
the
abst
ract
s do
not
incl
ude
the
numer
ical
value
s req
uired
for th
e abo
ve pa
ramet
ers,
alth
ough
there
is ref
erenc
e to t
heir e
xiste
nce.
Time
did n
ot pe
rmit
the e
xtrac
tion
of th
e spe
ciﬁc
data
value
s fro
m the
se li
terat
ure re
feren
ces a
nd th
is ta
sk
rema
ins f
or the
US./
Cana
da Bi
natio
nal O
bject
ive D
evel
opme
nt Co
mmit
tee (
BODC
), wh
ich w
ill a
ssum
e
the r
espon
sibil
ity fo
r dev
elop
ing o
bject
ives u
nder
the C
anad
a-US
. Wat
er Qu
ality
Agre
emen
t. It
is als
o
reco
mmen
ded
that
they
consi
der t
he sc
heme
s for
comb
inin
g the
data
resul
ts in
deﬁn
ing t
he th
ree li
sts of
chemi
cal c
ompo
unds
requi
red f
or An
nex
1. Th
e dat
a itse
lf, of
cours
e, ar
e gro
wing
"olde
r" an
d it w
ill
soon
be no
longe
r "st
ate-o
f-kno
wledg
e” fo
r the
comp
ound
s; th
e BO
DC i
s str
ongly
urge
d to h
ave t
he
literature further examined and the preliminary assessments completed.
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 6.0 SOCIETAL COMMITTEE
6.1 ECONOMY-ENVIRONMENT LINKAGES ROUNDTABLE
6.1.1 BACKGROUND
Forty years ago in Our Plundered Planet, conservationist Fairfield Osborn wrote that humans must
recognize the necessity of cooperating with nature, tempering their demands and use, and conserving
the natural living resources of the earth. Even earlier, American naturalist Aldo Leopold wrote about
the importance of developing a "land ethic.” More recently, the world Commission on Environment
and Development (the Brundtland Commission) called upon the nations of the world to adopt a policy
of sustainable development, "a new development path, one that sustains human progress, not just in a
few places for a few years, but for the entire planet into the distant future.”
The 1978 amendments to the Great Lakes Water Quality Agreement state as their purpose restora-
tion of the chemical, physical and biological integrity of the waters of the Great Lakes Basin Ecosystem.
Reactive measures - regulations on discharges from existing sources, and concerted efforts to clean up
hazardous waste sites - are central in efforts to achieve this goal. But, in the long run, reactive measures
are not enough. The Science Advisory Board in its 1987 biennial report stressed the importance of
anticipatory, preventive and adaptive strategies to assure ecosystem health within the Great Lakes
basin. These strategies must supplement the reactive measures that remain necessary to remedy past
human ignorance, neglect and indifference. The Board highlighted sustainable development as a
desirable goal towards which anticipatory and preventive strategies can be aimed.
Sustainable development, as articulated by the Brundtland Commission, calls for a thorough
probing of the nexus between economic decision making and ecosystem health. Anticipation and
prevention of environmental damage requires a careful examination and revision of methods by which
crucial economic decisions - about trade, energy and agriculture - are made. It is no longer sufﬁcient to
await evidenceof damage, particularly since some undesirable effects of human activities take years to
be manifested, and it often is cheaper to prevent than to remedy damage.
The concept of sustainable development has been discussed widely in Canada. For example, in
response to the Brundtland Commission report, the Canadian Council of Resource and Environment
Ministers established a National Task Force on Environment and Economy to begin a dialogue on
environment-economy integration among Canada’s environment ministers, senior executive officers
from Canadian industry, and representatives from environmental organizations and the academic
community. The task force, in its September 1987 report, offered a series of broad recommendations,
designed to advance the integration of economic and environmental decision making in Canada.
In the United States, in contrast, sustainable development has not drawn as much official attention.
The Brundtland Commission was not invited to visit the United States, and the US. federal government
has largely ignored its report. This vital concept deserves much greater official recognition than it has
received.
6.1.2 CO-SPONSORED ACTIVITY
Sustainable development is, in principle, a desirable concept, but a challenge lies ahead in translat-
ing it into practice. As an initial step to bring meaning to sustainable development within the context of
the Great Lakes, the Societal Committee of the Science Advisory Board convened an exploratory
roundtable on economy/environment linkages. The March 1988 roundtable, attended by economists,
social scientists, IIC staff and public officials, had, as its principal purpose, development of a conceptual
framework for action at the local and regional levels. Towards this end, a plenary session elicited
participants’ perspectives on key relationships between the economy and the environment, and then two
parallel work group sessions attempted to identify priorities for action at the regional and local level,
with particular emphasis on Remedial Action Plans.
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The plenary and work group discussions underscored the difficulty of concisely deﬁning sustain-
able development in operational terms for the Great Lakes, serving as a reminder that as a concept it is
easy to articulate yet not easy to define. Indeed, the two work groups declined to define the term,
although both implicitly adopted the notion that economic and environmental well-being can be simul-
taneously achieved. It was further apparent that while the term "economy/ environment linkages” was
synonymous in some participants’ minds with "sustainable development,” to other participants it meant
taking a closer look at the costs and benefits of environmental management strategies, and to others still
it suggested focusing more closely on economic incentives as an alternative or supplement to conven-
tional regulatory approaches for attaining ecosystem objectives. Canadian participants seemed to more
readily identify "sustainable development” with economy/environment linkages than did participants
from the United States.
The original impact of work groups was to focus on the implications of a "sustainable develop-
ment” mandate for the UC, governments, nongovernmental organizations, industry and other key
actors, if sustainable, development is to be the guiding paradigm for future economic activities in the
basin. But work group participants, in their action recommendations, did not use this term, preferring
the somewhat less normative phrase, "economy-environment linkages.” Major recommendations from
the work groups focused on enhancing the visibility of economy-environment linkages, increasing the
involvement of key actors in their discussion, and calling greater attention to the potential role of
economic incentives to promote ecosystem objectives. For example, work group participants:
0 Urged the International Joint Commission to develop a vision that integrates environment
and economy issues in all of its relevant actions. Economy-environment linkages should be a
continuing agenda item for the Commission, which should work to ensure a common under
standing of the implications of these linkages for the lakes and the GLWQA. For this new
thrust to become a reality, the IIC must set aside appropriate time and resources for its
nurturing and application
0 Encouraged greater participation by social scientists, especially economists, in RAP processes.
Social scientists, by providing broad perspectives and a range of analytical methodologies,
can contribute to enhanced policy and establish the credibility of attending to environment
and economic linkages in RAPs. They can demonstrate the economic value added to an area
by effectively protecting the environment and assess the impact of remedial and preventive
actions on an area’s economy. The IIC can promote such involvement by providing guidance
to RAP developers on methods for exploring economy-environment linkages
0 Suggested that stakeholders explore the full range of regulatory and nonregulatory mecha-
nisms for accomplishing ecosystem objectives, and the development of a manual for indus-
tries explaining how to optimize operations to conserve resources and reduce pollution
0 Called for one or more demonstration projects in an Area of Concern, which would show
how a process to restore the environment and strengthen the economy can work simultane-
ously
0 Advocated greater integration of industry into the RAP development process, since industry
is a key stakeholder in terms of environment-economy relationships. The IIC should take a
lead role in stimulating industry’ 5 involvement, including the prompting of senior govern-
ment officials to urge industry’s participation
0 Stressed the importance of including socio—economic indicators as well as environmental
parameters in future "State of the Environment” reports for the lakes, so as to communicate
environment-economy concepts to a wide constituency
6.1.3 SAB RECOMMENDATIONS AND FUTURE ACTIVITIES
The Science Advisory Board considers the recommendations of the Economy/ Environment work
groups to represent potentially positive directions for action. It is now giving these recommendations
careful consideration and attempting to develop specific initiatives.
The Board acknowledges the continued difficulty of refining the concept of "sustainable develop-
ment” as it pertains to the Great Lakes, but considers it a challenge to which stakeholders in the Great
Lakes basin must rise. 48
 However, it must be emphasized that the task facing Great Lakes decision makers involves more
than merely development; it involves, for example, protection of special places (parks, refuges, scenic
vistas, habitats of endangered and threatened species), rehabilitation of damaged ecosystems, and
manipulation of the Great Lakes food web to serve sport and commercial ﬁshing goals. Furthermore,
since the Great Lakes Water Quality Agreement urges an "ecosystem approach” to management of the
lakes, it might be more appropriate to think in terms of "sustainable ecoystems” rather than “sustainable
development."
In the Great Lakes, establishing specific goals that constitute "sustainable ecosystems” and devel-
oping operating procedures to attain them will continue to pose a major challenge. As the Board noted
in its 1987 report, there is growing consensus on the need for an "ecosystems approach” to management
of Great Lakes resources, but there remains a need to develop common understanding of the specific
components of such an approach and the procedures necessary to implement it. In individual govern-
ment programs, many standards have been set for environmental quality, but these standards taken
together provide only a partial set of goals. Standards have not been set for many substances intro-
duced by humans into the environment, and the standards often do not take into account the cycling of
contaminants within the environment. Moreover, the standards are beset by considerable scientific
uncertainty and by controversy over the degree of remedial action required. The question "How Clean
is Clean?”, currently being debated around the lakes, illustrates well the uncertainty over suitable
ecosystem goals.
Goals for particular substances constitute only a small part of ecosystem management. Goals for
harvesting fish and timber, allocating water, protecting endangered and threatened species, and safe-
guarding special places all contribute to a strategy for providing sustainable ecosystems. Another
important element is incorporating environmental protection as a major goal in all sectors of societal
activity affecting the environment. Environmental impact assessment requirements in the United States
and Canada, which apply to a wide range of activities, ostensibly have this incorporation as a goal;
shortfalls in achieving these requirements simply underscore the challenge of implementing an ecosys-
tem-based approach to stewardship of basin resources.
Defining the specific objectives encompassed in a goal of "sustainable ecosystems” will be difficult,
because of societal differences concerning those objectives and the cost of their achievement. Neverthe-
less, establishing sustainable ecosystems as a broad, long-term goal is essential. It expands upon the
"zero discharge” goal of the Great Lakes Water Quality Agreement, upon the goal of fishable and
swimmable waters in United States water quality legislation, and upon similar goals stated in other
legislation. Along the road to achieving that long-range goal, major disputes will occur both over the
size and the distribution of the associated costs and benefits. However, establishing such a goal should
promote discussion of its meaning and action towards its achievement.
6.2 SOCIAL AND ECONOMIC IMPACT ASSESSMENT IN MP5
The Science Advisory Board has directed that Remedial Action Plans submitted to the IJC reﬂect
social and economic considerations. Other than documenting the obvious direct costs of remedial
actions, social and economic values have received little explicit consideration.
The public involvement process incorporated into remedial action planning injects social and
economic considerations into the plans, but in an unsystematic, unobjective and inexplicit way. That is,
people implicitly refer to their personal perceptions of social and economic values when they list prob-
lems and impaired uses and when they judge the feasibility and desirability of possible remedial actions.
Many such values are not explicitly documented or objectively estimated for the larger public. Water
quality managers and other involved participants generally lack the expertise needed to take full advan-
tage of the social and economic dimensions in RAPs.
In revieng the guidelines and procedures which RAP participants could use to explicitly assess
economic and social considerations, the Committee has been assessing the applicability of an overall
general framework for social and economic considerations in remedial action planning. "Framework" is
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 referred to in the sense of an overview of how the various social and economic changes, and social and
economic values can be explicitly considered along with other information in the RAP process.
One framework which holds promise divides economic and social considerations into two compo-
nents:
Component 1: Economic and social change
Component 2: Economic and social values
The first component, economic and social change, is more or less value-free. Its primary role is to
provide information for the economic and social values assessment. Social changes include changes in
population, the number of newcomers versus long term residents, the degree of life style or similar
value conflicts, civic attitudes, and other indicators deemed relevant.
The second component, economic and social values, attempts to document the pros and cons of a
given action, such as the pros and cons of a given phosphorous reduction plan. Its primary role is to
help agencies and participants assess priorities. Economic values are economic pros and cons—benefits
and costs—of a given choice. Social values are the non-economic pros and cons of the achievement of
different degrees of environmental "health;” the equity of particular formulas for allocating phospho-
rous control costs among manufacturers, farmers, other producers and taxpayers; or changes in commu-
nity structure, such as a possible increase in numbers of “outsiders” (e.g. tourists, cottagers).
The basic premise of this framework is that economic and social evaluations are necessary compo-
nents of public and private decision making, and that people can clearly and accurately evaluate the
economic and social basis for public and private remedial actions. People ordinarily formulate public
affairs on the basis of human criteria—economic, social and political, considering the range of techni—
cally possible options as they perceive them. Broadly defined, these economic, social and political
criteria include environmental, human health, legal, ethical and many other components. People
normally use such criteria to try to steer the best course in public affairs both for themselves and for
their fellow citizens. In the remedial action planning process, participants recommend priorities based
on their understanding of public priorities. '
Objective economic and social information, with its supporting technical data, is only one aspect
applied in human judgement. Ideally, quantitative and non-quantitative information will together
provide a suitable basis for public debate and informed decision making.
The most difficult aspect of any overall evaluation framework is devising a specific formula for
“adding” pros and cons. Before a decision can be made as to whether the pros outweigh the cons, the
overlaps must be understood, as must the relative weights for the different units of expression and
kinds of values, and the gaps—information that must be added by the decision maker. Basically, there
is no mathematical formula that "works." No formula resolves all economic, social and political consid-
erations in a way in which everyone would be willing to accept.
Therefore, this framework does not attempt to express all pros and cons quantitatively and calcu-
late a single "bottom line” that automatically sets priorities. It is similar to multi-criteria evaluation
systems that summarize both quantitative and non-quantitative assessments in a way that should be
useful for decision making by RAP participants and the larger public. Any "bottom line” would be a
summary of all pros and cons of the ecosystem (i.e. human and environmental) effects of each action,
policy or action/ policy scenario. The Committee will be reporting further on its efforts in this area to
provide a basis for examining “the appropriateness of such programs (under the Agreement) in light of
present and future socio-economic imperatives.” [GLWQA, Terms of Reference of the WQB 1 (b)(iv)]
 6.3 ECOSYSTEM ETHICS
In 1987, the Societal Committee undertook to initiate research on environmental ethics. More
specifically, the intent was to explore the potential for developing an ethic that could be used to guide
human activities in the Great Lakes basin. As a ﬁrst step, in June 1988, the Committee commissioned a
report that would overview current research and progress in this area and identify how an ecosystem
ethic would aid the Commission in its endeavours to advocate an ecosystem approach in carrying out its
responsibilities under the Great Lakes Water Quality Agreement. The notion of an ecosystem ethic is
based on the extension of a person-centered ethic to encompass jointly the person and his environ-
men t .
A research report was prepared by Mrs. Jame Schaefer, environmental consultant, and submitted
to the Societal Committee in draft form in October. Based on comments received from the Committee,
the report was made final in December.
The report noted that considerable groundwork for the development of an ethic appropriate to the
Great Lakes basin has already been established by academicians, native peoples, religious and secular
organizations, governments, foundations and international agencies. Though variations in direction and
approach are evident among these groups, enough similarity of thought exists to suggest that establish-
ing an ethical framework to guide activities in the Great Lakes basin would not be an impossible task.
Moreover, such an ethical system would provide a much needed common frame of reference for policy-
making, cooperative action and conﬂict resolution.
It was recommended that a multi-step and consultative approach be taken in the development of
such an ethical system. The initial action would be to convene an “ethics” roundtable, involving mem-
bers of the Commission, the Science advisory Board and philosophers with strong foundations in
normative ethics (a list of leading ethicists was developed during the research endeavour). The product
of the roundtable would be a draft statement of ethics for the Great Lakes basin. This statement would
then be the subject of a series of workshops held in various locales in the basin to obtain the views of the
diverse interests that affect and/or are affected by human activities in the Great Lakes basin. At the
same time, the draft ethical statement would be circulated to the Commission’s various subcommittees
for review and comment.
The Committee is now in the process of considering the report’5 recommendations and of deciding
on further possible action.
6.4 PUBLIC PARTICIPATION AND RAPs
Annex 2, paragraph (2)e of the 1987 Protocol amending the Great Lakes Water Quality Agreement
states that "the Parties, in cooperation with State and Provincial Governments, shall ensure that the
public is consulted in all actions undertaken pursuant to this Annex.” Annex 2 specifically addresses
Remedial Action Plans and Lakewide Management Plans, and provides a role for the Commission to
review and comment on the development of these plans. The interest of the Science Advisory Board in .
matters related to public‘ consultation in RAPs is reﬂected in their "Guidelines for Review of Remedial
action Plans” paragraphs:
"Does the plan provide for public communication and education: Is there provision for
timely involvement of the public in the definition of problems, identification of alternative
remedies and implementation of preferred approaches? Does the plan foster innovative
approaches to cooperative problem solving by stakeholder groups?”
Under the organization of the Science Advisory Board, the Societal Committee is given the man-
date to advise the Board on "all aspects bearing upon the human use of the Great Lakes, including
cultural, attitudinal, jurisdictional, political, economic, institutional and legal considerations.” Such a
broad mandate in terms of the social sciences and humanities embraces evaluating the role of the public
in support of Agreement activities and specifically, public participation in RAPs.
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Table 2. Public Participation and RAPs Framework for Program Review -’ Proxy Goals, Objectives
and Relevant Activities
 
GOAL OBJECTIVE RELEVANT ACTIVITIES
TO INFORM Access to information Publication of all relevant reports and data
Assistance in the interpretation Presence of technical specialists at
of technical data by agency public meetings to explain findings
specialist
'I‘O INTEGRATE Develop a program for public Diary of public participation activities
SOCIETAL participation in consultation throughout the planning process
VALUES with those affected
WITH
TECHNICAL Commit sufficient resources to the Indication of budgeted and actual commitments
ASSESSMENT participation program to enable of time, money and staff to participation
implementation initiatives
TO BUILD Discussion among all interested Employ a wide range of techniques:
CONSENSUS BY parties to define a common view of - citizen committees - participatory television
RESOLVING the problem and a means to resolve it - public meetings - hotline radio
CONFLICT - open houses - workshops
- interviews and - contests and special
- surveys - events
Identiﬁcation and recognition of Inclusive definition of stakeholders:
stakeholders - individuals - business/industry
- property owners/ - professional
users - educational institutions
- environmentalists especially school boards
- sportsmen and public schools
- farm organizations ~ labour unions
- service clubs - news media
- elected officials
TO PRODUCE A process defined from problem Opportunities at critical stages for formal
BETTER identification through to input, review and comment
DECISIONS implementation
Opportunity for evaluation and review
The Committee concludes that viable community based processes are in evidence throughout the
basin in support of RAP activities and the Committee is impressed by the commitment of the jurisdic-
tions and the expertise, sincerity and credibility of the RAP teams, including the citizens who drive the
process. In this context, public participation is far more than a basic tenet of the planning process. It is a
grass roots, developmental activity which provides broad support for plan implementation and reme-
diation.
Notwithstanding these comments, the Committee is concerned that the generally high level of
effort evident at present be maintained and applied consistently, especially where the nature of any
specific RAP effort is protracted and public interest might wane, or where a strong local constituency
may not be evident (e.g. in Areas of Concern beyond the major centers in the basin). The Committee
notes that an ongoing, formal review and evaluation process would address such problems and allow
any necessary changes to be made. It would also provide the public with an iterative mechanism with
which to judge its own activities.
The Committee also wishes program efforts to continue with a view to the developmental nature
of participation activities. In this context, the public is providing more than an endorsement of a techni-
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 cal plan; it‘is a constituency to support implementation and remediation. In this view appropriate
behaviour for man in the ecosystem is reinforced as is the development of ethical approaches from
individuals and society to complement the initiatives of the Parties under the Agreement.
Therefore, the Committee recommends that:
0
Public participation programs associated with Remedial Action Plans be further enhanced by the
jurisdictions through:
-
Submitting a full description of the program design and the activities to date as part of the Stage
1 Report, which covers the approach to be followed in Stages 2 and 3, to facilitate the review and
evaluation of public participation programs associated with MP5 as conducted under Annex 2,
para. 2(e) of the CLWQA
-
Introducing an iterative approach to the development and implementation of public participation
through periodic review and evaluation by the jurisdictions and the Parties
-
Linking public information,education and participation programs in order to improve the
development ofMP5
6.5
ROUNDTABLE
ON
POLLS AND
SURVEYS
Further to the conclusions of the Societal Committee outlined in the 1987 SAB report, a roundtable
was conducted to continue the examination of issues relevant to survey research in the basin. It was
evident from the roundtable that water quality problems cannot be adequately assessed without a
scientific knowledge of the nature of peoples’ values, behaviour and understanding. These factors
contributes directly to the way in which problems are defined, how options are considered, which
solutions are sought and which decisions are supported. It is also essential that an individual have a
societal context for beliefs and actions from which to measure and adjust myth and personal bias.
In order to process information, it has been suggested that human beings use heuristics or rules of
thumb to assess facts and form opinions.
Three examples of such heuristics are the availability heuristic,
whereby people depend upon salient information which is more easily retrievable from memory than
less easily retrievable information; the representativeness heuristic, whereby people act as if stereotypes
are more common than they actually are in the real world; and the anchoring heuristic, whereby they
rely upon some initial anchoring values and then make some adjustment to the initial value.
The
behaviourial and attitudinal responses of people to complex issues and the development of effective
public policy are therefore more than political intuition; they depend upon the successful marriage of
perceptions and facts (Brimer 1988).
Survey research can potentially dispel myths by providing a scientific method of collecting infor-
mation about a human population by systematically sampling individuals in such a way
that the
broader population is represented and the results are reliable and reproducible.
While
ecosystems may
function splendidly without humans, humans
need a well-functioning
ecosystem.
Ecosystem degradation is almost always
due to human
actions.
What
people do, therefore,
is crucial for the continuing ability of an ecosystem to sustain life.
Consequently,
learning how
people
think about, value, believe and behave with respect to the environment is crucial for environmental
management (Milbrath 1989).
Although survey research
continues to be recognized as a valuable tool, it does not receive wide-
spread use in addressing social data needs related to Great Lakes water quality issues.
Many
environ-
mental polls are commissioned by clients of private agencies, and the information from them is consid-
ered
proprietary.
For example,
in 1988 the Council of Great Lakes
Governors polled citizens concerning
their support for the enhancement and
protection of the Great Lakes
related to water
quality issues and
the proposed Water Protection Fund.
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 could be compared. A special subsample should be designed to ensure sufﬁcient representa-
tion of riparian owners from all parts of the basin, thus enabling comparisons between
riparians and other interested people.
0 The same interview (or questionnaire) should be administered to samples of leadership
groups in both countries. These people should be drawn from three categories: environ-
mental leaders, business leaders and public ofﬁcials (elected and appointed). If this sampling
is done in both countries, it would make for six leadership samples altogether. Ideally, the
final study would have 500 respondents in each category; a total of 3,000 leaders in the
sample which, combined with the public sample, would produce a total roster of 5,000
respondents.
The interview schedule would inquire into:
- The general importance (value) which people assign to the Great Lakes
- The value which they assign to various uses of the lakes
- The way Great Lakes values are traded off against other values which they want served
- The various ways in which people use the lakes, and the frequency of use
- Levels of concern which people hold about resolution of Great Lakes problems (e.g.
toxics, other pollution, water levels)
- The extent ofknowledge of ecosystemic processes in the lakes
- General ecosystemic values and speciﬁc information on the ecosystemic approach to
Great Lakes management
- Awareness of and knowledge about global biospheric concerns (e.g. the greenhouse
effect, global warming, loss of the ozone layer, acid rain, deforestation)
- Strength of the value to avert, resolve or mitigate global biospheric threats
- Willingness of people to devote money, time and political support (including taxes and
higher prices) to improving the condition of the Great Lakes and the global biosphere
- Willingness of people to sacrifice sovereignty and local autonomy to develop better
structures for coordination and governance to restore and protect large ecosystems
- Leadership respondents should be asked how they think that the public would answer
key questions. (Misapprehension by officials of the public’5 knowledge, concern, will-
ingness to sacriﬁce and support is a significant barrier to effective policy making)
It is clear that achievement of the goals of the Great Lakes Water Quality Agreement will require
that greater attention be given to the social issues affecting and affected by water quality. Survey
research can make a significant contribution toward exploring social issues but this approach to date is
largely untapped. In order for survey research to fulfill its potential in contributing to Great Lakes
water quality improvements, this form of research will need to be ofﬁcially recognized and to some
degree institutionalized by the jurisdictions in Canada and the US. Although poll and survey data are
collected and used by policy analysts on a national level, they are seldom integrated with the physical
scientiﬁc work already underway in the Great Lakes. The Committee encourages the Parties to make
greater use of survey results currently available, and to collect and report the social survey data that are
collected, so that they may contribute to the development of a data base for the Great Lakes basin.
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 7.0' GREAT LAKES EDUCATION
7.1 INTRODUCTION
Because of the pervasive inﬂuence of the Great Lakes on the history, economic development,
climate and culture ofthe United States and Canada, it might be assumed that Great Lakes materials
would be included at all levels of the formal and nonformal education system. In reality, formal class-
room education on Great Lakes issues is limited in scope, largely undocumented, and varies greatly in
length and depth. A well-defined educator’ 5 network does not exist for the region, which inhibits
information exchange and comprises the potential for the development and use of Great Lakes educa-
tional materials in the classroom. In the nonformal education area, a similar lack of coordination
hampers wider dissemination and use of materials that do exist.
A variety of organizations have begun to address these deficiencies during the past two years, and
highlights of five unique initiatives are described below. The Science Advisory Board considers that, in
order to ensure that a healthy Great Lakes economy and quality of life exist for the basin’s residents, the
responsibility for wise resource management rests with an active and informed public.
An ethic of preserving the ecosystem must be instilled early in life, and the most direct avenue is
through the formal education system. Likewise, continued commitment can be encouraged through
nonformal educational programs for citizens at all age levels.
Therefore, the Board recommends that:
0 Thefederal, state and provincial governments assist the Great Lakes constituency by developing,
coordinating and disseminating scientific and management material on the Great lakes Basin
Ecosy
stem
which
is spe
ciﬁca
lly i
ntend
ed for
use in
educa
tiona
l pro
grams
for ci
tizens
at all
age l
evels
7.2 GREAT LAKES COMMISSION EDUCATION TASK FORCE
The
Grea
t Lak
es Co
mmis
sion
(GLC
) ide
ntifi
ed Gr
eat L
akes
educa
tion
as on
e of
its re
giona
l pri
ori-
ties i
n 198
7. It
estab
lishe
d a G
reat
Lake
s Edu
cati
on Ta
sk Fo
rce w
ith m
embe
rs fr
om th
e for
mal a
nd
infor
mal e
ducat
ion p
rofes
sions
, gov
ernm
ent a
genci
es, i
ntere
st gr
oups
and
assoc
iatio
ns. T
he ta
sk fO
rce
surv
eyed
educa
tors,
thro
ugh a
serie
s of s
ix on
e-da
y rou
ndtab
le wo
rksh
ops f
or ea
ch st
ate a
nd pr
ovinc
e
and a larger Education Summit, to assess the extent of Great Lakes education programs, to identify
obsta
cles
to th
e use
of pr
ogra
ms, a
nd to
disco
ver o
pport
uniti
es to
prom
ote G
reat
Lake
s edu
catio
n. A
staff member from the 1105 Great Lakes Regional Office served on the task force, and the Science
Advisory Board provided support for the Education Summit.
As a result of these meetings, the task force presented recommendations to the GLC in five major
areas
: inf
ormat
ion d
issem
inati
on, m
ateri
als a
nd pr
ogra
m dev
elop
ment
, coa
litio
n bui
lding
, fun
ding,
and
publi
city
and
prom
otio
n. T
he re
comm
enda
tion
s wer
e dev
elop
ed as
ongo
ing a
ctivit
ies o
ver m
any
years
, rat
her t
han i
tems
to be
start
ed an
d com
plet
ed in
a spe
ciﬁed
lengt
h of t
ime.
In th
is wa
y, th
e eff
ort
will more likely be sustained with less need for massive funding of projects over a brief period. Sum-
mary outlines of the recommendations for each section follow.
7.2.1 INFORMATION DISSEMINATION
A regional mechanism for evaluating, marketing, distributing and encouraging the use of Great
Lakes educational materials is not available. There is no pronounced shortage of materials, but adaption
for classroom use is required. Thus, a Great Lakes Education Clearinghouse should be established,
providing centralized access to curricula guides, publications, films, videotapes, mailing lists and all
educational materials of current or potential use to educators. Such a clearinghouse should be located in
the ofﬁces of a regionally oriented organization where suitable expertise is available and there is a long-
term commitment to provide the resources needed.
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7.2.2 MATERIALS AND PROGRAM DEVELOPMENT
One of the principal obstacles to incorporating Great Lakes education into the teaching setting is
the lack of teacher awareness of and access to classroom-ready materials. The lack of teacher incentives
and the nature of mandated curriculum guidelines also have a deleterious effect on teacher initiatives to
develop Great Lakes materials for their classrooms.
The task force recommended that the Science Advisory Board’s Directory of Great Lakes Education
Material be expanded and updated, and a more extensive distribution and marketing program be
developed for the directory. A survey was sent in May 1989 to more than 1,000 people involved in
education at various levels. The results of these surveys are being used to update and expand the
directory, and a marketing plan has been developed.
7.2.3 COALITION BUILDING
The broad and sustained educational leadership that is necessary to incorporate Great Lakes
materials into curricula is lacking, as is an interdisciplinary perspective in the materials themselves. A
partnership approach to Great Lakes education must be established, involving government agencies,
businesses and industries, professional associations and citizen groups. The International Association of
Great Lakes Research was specifically identified as an organization which could have direct involve-
ment through the preparation and distribution of materials, a speakers bureau of scientists, an award
program for outstanding teachers and students, and a standing committee to oversee and expand on
these activities. Other organizations and agency representatives can assist this effort by stressing the
importance of coalition building and collective contributions to the Great Lakes education effort in
speaking engagements and other opportunities as they arise.
7.2.4 FUNDING
Because Great Lakes education is generally not infused into day-to-day coursework in traditional
classes, funding constraints can translate into the exclusion of Great Lakes information. Funding
limitations must be addressed on two fronts: through the development of creative funding arrange-
ments among foundations, private sector services, public agencies and nonformal education interests;
and through the infusion of Great Lakes topics into traditional coursework by demonstrating their
applicability to established curriculum guidelines. A workshop should be convened to identify funding ‘
sources and options, and to produce a brief publication outlining these options should be distributed to
interested persons who wish to develop Great Lakes education materials.
7.2.5 PUBLICITY AND PROMOTION
At present, no coordinated effort exists to promote Great Lakes education in the region as a whole.
In order to assist in the development of such efforts, the task force recommended that the region’s
governors and premiers, working through their legislatures, declare a "Great Lakes Education Week”
or “Month” in 1989 and each year thereafter. Coordinators in each jurisdiction, such as the US. Sea
Grant programs or similar organizations, should develop special programs for school districts, includ-
ing displays and activities. Further, each state and province should consider the development of a
"Great Lakes Education Award for Teaching Excellence.” Student award programs should also be
considered.
In addition, a committee should be formed to prepare a paper outlining how Great Lakes topics
can be infused into curriculum guidelines and send it to education administrators at the state/provincial
and school district levels. Further, a workshop should be held for publishers to encourage coverage of
Great Lakes issues in textbooks for use bothin and outside the Great Lakes region.
58
 These recommendations were presented to the Great Lakes Commission at their semi-annual
meeting in November 1988. All recommendations were unanimously approved by the Commission.
The task force has completed its studies, and since the ﬁnal report and recommendations were
approved by the Great Lakes Commission, several initiatives which address many of the task force’s
recommendations have been developed by a variety of organizations. For example, the Lake Michigan
Federation has begun a project to evaluate existing Great Lakes curriculum materials, to develop a new
curriculum activities manual entitled, "The Great Lakes and My World,” and to conduct teacher training
workshops to encourage educators to infuse Great Lakes education materials into traditional subject
areas. The State University of New York at Buffalo will sponsor a meeting of regional education admin-
istrators in late 1989, and the U.S.-based Alliance for Environmental Education, Inc. has established a
National Network for Environmental Education, which divides the country into five regions, including
the Great Lakes States region. The network will linkeducators, business leaders, environmentalists,
government representatives, labor leaders and others who have an interest in environmental education
to promote the use of Great Lakes and other environmental issues in the classrooms in the region.
There is reason for a great deal of optimism about the future of Great Lakes education. The
Science Advisory Board considers that, without the concerted and coordinated effort of a wide variety
of interests throughout the region, the development of an ethic reﬂecting wise management and protec-
tion of the Great Lakes Basin Ecosystem will not develop in the region’s youth.
The Science Advisory Board, along with expanding and reprinting the Directory of Great Lakes
Education Material, will begin a new initiative at the end of 1989 and through 1991 to provide informa-
tion workshops to educators throughout the basin. These workshops will focus on providing materials
and highlighting curriculum opportunities to include the Great Lakes in all subject areas, based on the
curriculum requirements for each state and province. An Educators Advisory Council will be formed to
assist in the design and implementation of these workshops. As well, staff from the IIC Great Lakes
Regional Office are serving on the Lake Michigan Federation’s Committee to develop its new curriculum
activities book, in order to further coordinate all efforts to create and disseminate educational materials
to formal and nonformal educators.
The Board, therefore, recommends that:
0 Representatives in the Great lake states and provinces identify Great lakes education as a priority for
inclusion in their state or provincial school curricula over the next three years - focusing on the value
of the lakes to the region’s well-being and the role which citizens play in ensuring a healthy Great
Lakes Basin Ecosystem
7.3 CURRICULUM ACTIVITIES GUIDE FOR PADDLE-TO-THE-SEA
Holling Clancy Holling’s classic children’s story about the Great Lakes and the St. Lawrence River,
Paddle-to—the—Sea, was first published in 1943 and is the basis of a 28-minute film produced in 1967 by the
National Film Board of Canada. Now, thanks to the Ohio Sea Grant Education Program, a Supplemen-
tal Curriculum Activities Guide is available for Paddle-to-the-Sea. Prepared by Marcia L. Seager, Rosanne
W. Fortner and Timothy A. Taylor, the Guide outlines activities that can be used by any teacher for any
subject from grades three through six. The guide provides a unique opportunity to learn about the
Great Lakes Basin Ecosystem in a meaningful and memorable way. It is steeped in the ecosystem
approach.
Through its Canadian Co-Chair, Jack Vallentyne, (a.k.a. Johnny Biosphere), the Great Lakes Science
Advisory Board is actively promoting use of the guide in both public and private elementary school
systems in the 42 Areas of Concern in the Great Lakes basin. Fliers advertising the guide have been
mailed to Remedial Action Plan Coordinators in each of the Areas of Concern. To date, "Paddle" presen-
tations have been made in nine Areas of Concern (Green Bay on Lake Michigan; the Bay of Quinte on
Lake Ontario; Thunder Bay, Nipigon Bay, Iackfish Bay and Peninsula Harbour on Lake Superior;
Collingwood Harbour and Penatang Bay to Sturgeon Bay on Georgian Bay; and the Canadian side of the
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The Board regards educational programs developed in Areas of Concern as essential to the crea-
tion of community support for remediation.
Therefore, the Board recommends that:
0 Great lakes Areas of Concern be used as focal points for the development of Great Lakes education
materials, in order to expand the community support programs in each area and encourage greater
awareness and understanding of the issues facing specific sites and the Great Lakes in general
7.4 INTERACTIVE ROUGE RIVER WATER QUALITY MONITORING PROJECT
In 1984, one teacher’s high school biology students began monitoring the water quality of the
nearby Huron River in southeast Michigan, with the assistance of a professor from the University of
Michigan and two graduate students. Since that time, the program has developed into an international
connection between students in 40 schools from 31 different communities along the Rouge River (one of
the 42 Areas of Concern in the Great Lakes basin) and others in India, Australia, West Germany, Canada
and all regions of the United States. Inquiries about the project have come in from around the world,
from hundreds of schools.
One of the most innovative and action-oriented educational programs in the Great Lakes basin
takes the ecosystem approach to heart, both in its subject matter and in its method of presentation. The
Interactive Rouge River Water Quality Monitoring Project includes several components, all of which
focus on helping participants raise their awareness of their surroundings and take steps to clean up their
river. The program begins with the distribution of the third edition of the Field Manual for Water Quality
Monitoring: An Environmental Education Program for Schools and includes teacher and student orientation
workshops. Students thenlearn about the particular river watershed, the nine water quality parameters
and the role of benthic organisms in determining water quality; complete onsite testing for those para-
meters; and compile and compare. data through computer linkages with students testing different
stretches of the same river or a river halfway around the world.
The project culminates in a student congress that brings together all participants of the program,
including students, teachers, river biologists and representatives oflocal, state, regional and national
agencies and the International Joint Commission to share thoughts and compare ideas for restoring the
river’s water quality. Over the course of the 15-day program, students learn to approach a corrununity
problem in an interdisciplinary manner, while employing a host of problem solving and group process
skills.
The computer communications network developed to tie all participants of the project together is a
state—of-the—art global network and the first of its kind in the United States. For less than the cost of a
phone call, hundreds of students discuss their concerns, strategies and courses of action to improve
water quality in their respective river systems. The University of Michigan’smainframe computer
system, MTS, serves as a central data repository during the project.
Dr. William B. Stapp, Professor of Resource Flaming and Conservation and one of the creators of
the project, emphasizes the action research component as the driving force behind participants’ enthusi-
asm. By learning the scientific parameters as well as the socioeconomic, political and economic reasons
for the decline of a river’5 ecosystem, students discoverhow individual behaviour can affect the health
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 of that ecosystem. The program has expanded from the science classrooms to the social science subjects,
where students use a computer game to develop problem solving skills. Students from all involved
classrooms then meet to discuss levels and types of participation to resolve issues, based on the scien-
tific, socioeconomic and political data.
Involvement in the program has resulted in the development of an ecosystem ethic for participants
(picking up litter and refuse in the river or helping parents to consider the implications of using lawn
fertil
izer o
r sim
ilar
cons
umer
produ
cts)
as we
ll as
grou
p act
ion.
Whil
e one
schoo
l in t
he Ro
uge
River
system Surveyed community households for their use of toxic materials, another discovered a broken
sewer line, which was subsequently repaired. Still another group of students joined together to block
the construction of a golf course that would have had adverse effects on the Rouge River ecosystem.
With adequate funding, teams of high school students, teachers and University of Michigan
students, who have participated in past programs, will present workshops on the project to government
ofﬁcials, university educators, school administrators and teachers in Latin America, Africa, China and
Europe in order to establish a network of participants on each continent and to facilitate international
communication. Another goal is to extend the project into schools in each of the 42 Areas of Concern in
the Great Lakes basin. The development of such a coordinated program throughout the region can
great
ly en
hanc
e yo
ung p
eople
s’ an
d adu
lts’
unde
rsta
ndin
g of t
he ca
uses
and
effec
ts of
pollu
tion
on th
eir
waterway, and provides an opportunity to support values and attitudes related to more environmen-
tally conscious behaviour throughout the ecosystem. V
The Board, therefore, recommends that:
0 Representatives in each state and province in the Great Lakes basin, and thefederal governments of
Canada and the United States, support the development of a basinwide water monitoring program by
students in each of the 42 Areas of Concern. Funding and human resource support could be incorpo
rated into public education participation programs, developed and implemented as a part of the reme
dial action plan process. Such programs could result in a heightened awareness of water quality issues
in eac
h Are
a of C
oncer
n and
comm
unit
y sup
port
for im
pleme
ntati
on of
remed
ial ac
tion p
lan i
nitiat
ives
7.5 DECISIONS FOR THE GREAT LAKES
"Decisions for the Great Lakes” is a unique educational forum, which serves as Great Lakes
Tomorrow’5 (GLT) priority program. Through the course, approximately 750 citizens, government
ofﬁci
als a
nd sc
ienti
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om th
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kes b
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have
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hrou
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t the
regio
n of t
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nal l
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Inter
na-
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reat
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envi
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enta
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ncies
in bo
th th
e
United States and Canada, and private organizations.
7.5.1 OBJECTIVES AND GOALS
The objectives of the program are to:
0 Develop an informed Great Lakes basin constituency
0 Involve Great Lakes colleges and universities in a cooperative network
0 Coordinate cooperative use of Great Lakes research materials
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GLT is coordinating the delivery of the courses on the four binational lakes: Erie, Ontario, Huron
and Superior. The Lake Erie courses have been completed at:
- Brock University, St. Catharines, Ontario
- John Carroll University, Cleveland, Ohio
- University of Western Ontario, London, Ontario
- Mercycrest College, Erie, Pennsylvania
- University of Toledo, Toledo, Ohio
- University of Windsor, Windsor, Ontario
- , State University ofNew York, Buffalo, New York
- Cleveland State University, Cleveland, Ohio
The Lake Ontario course has been delivered at four locations:
- Queen’s University, Kingston, Ontario (2 courses)
- Trent University, Peterborough, Ontario
- State University of New York at Brockport
- Jefferson Community College, Watertown, New York
The Decisions for the Great lakes manual, which provides background material, is used by all
program participants. In order for the information to remain as current and relevant as possible, an
update of the manual is needed. The revision will focus on "environment and economics,” as well as
other current concerns and recent developments. Structural changes will result in a more convenient
and accessible reference source book.
GLT is currently planning for the next Lake Ontario course, in cooperation with the Ontario
Science Centre, scheduled for early fall 1989. Two more sites will complete the Lake Ontario portion of
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7.6- CANADA - U.S. INTER-UNIVERSITY SEMINARS (CUSIS)
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tio
n in
the
U.S
. a
nd
the
Inst
itut
e fo
r Re
sea
rch
on
Pub
lic
Pol
icy
in C
ana
da;
the
pro
pos
al b
y t
he R
aws
on
Aca
dem
y f
or t
he c
rea
tio
n a
nd
acc
ept
anc
e of
an
eco
sys
tem
cha
rte
r wi
thi
n t
he b
asi
n; t
he r
eco
rd
of a
cti
on b
y G
rea
t L
ake
s Un
ite
d; a
nd
the
rec
ent
int
ern
al r
evi
ew
of
the
Gre
at
Lak
es
Fis
her
y C
omm
iss
ion
).
Ne
w c
hal
len
ges
tha
t mi
ght
be
add
res
sed
inc
lud
e:
-
eme
rge
nce
of
ne
w g
ove
rna
nce
arr
ang
eme
nts
tha
t s
pan
the
Gre
at
Lak
es/
St.
Law
ren
ce
Bas
in
-
eme
rge
nce
of t
he "
Firs
t Na
tio
ns"
and
imp
lic
ati
ons
for
the
gov
ern
anc
e p
roc
ess
of t
his
expanded basin
-
eme
rge
nce
of
an
awa
ren
ess
of
the
cli
mat
e w
ar
mi
ng
thr
eat
 
In a
utu
mn
198
9, a
n or
gan
iza
tio
nal
mee
tin
g m
igh
t b
e c
onv
ene
d t
o co
nsi
der
a po
ssi
ble
CUS
IS
IV.
Sho
uld
a d
eci
sio
n b
e m
ade
to p
roc
eed
, a
seri
es o
f s
ome
thr
ee s
emi
nar
wor
ksh
ops
cou
ld
be
org
ani
zed
to
con
sti
tut
e C
USI
S I
V, a
nd
con
ven
ed
thr
oug
h 19
90.
The
Boa
rd
rec
ogn
ize
s t
hes
e in
itia
tive
s a
nd
enc
our
age
s
the
ir c
ont
inu
ed
sup
por
t f
rom
the
non
gov
ern
men
tal
sect
or.
The
Boa
rd
als
o n
ote
s th
e i
mpo
rta
nt
con
tri
bu-
tio
n to
be
mad
e t
hro
ugh
suc
h a
n i
nde
pen
den
t a
nd
coo
per
ati
ve a
ppr
oac
h, a
nd
the
pot
ent
ial
for
adv
anc
-
ing
the
kno
wle
dge
of s
ocia
l ec
olo
gy
in t
he G
rea
t L
ake
s ba
sin
.
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 8.0 EMERGING ISSUES
”Until the crisis validates itself by catastrophe, the whole concern is an
abstraction in the critical sense of not entering actively into our
consciousness, its dreams, fears, fantasies.”
Richard Falk, This Endangered Planet
  
8.1 GENERAL
8.1.1 INTRODUCTION
The
Scie
nce
Advi
sory
Boar
d is
conc
erne
d th
at as
a res
ult o
f glo
bal l
etha
rgy
in i
mple
ment
ing
an
ecos
yste
mic
appr
oach
to pr
oble
m-so
lvin
g (G
reat
Lake
s Sc
ienc
e Ad
viso
ry B
oard
1978
; Ca
ldwe
ll 1
988)
,
peop
le,
indu
stri
es a
nd g
over
nmen
ts i
n the
Grea
t La
kes
basi
n ar
e gra
dual
ly l
osin
g con
trol
of th
eir
desti
nies.
This
loss
is evi
dent
in a n
umbe
r of
insta
nces
wher
e the
abili
ty to
contr
ol loc
al an
d reg
ional
situ
atio
ns is
now
cont
inge
nt o
n gl
obal
coop
erat
ion.
Glob
al cl
imat
ic w
arm
ing
from
the g
reen
hous
e eff
ect,
dest
ruct
ion
of th
e oz
one
laye
r fr
om C
FCs
(chl
oroﬂ
uoro
carb
ons)
, an
d to
xic e
cosy
stem
s ar
e pr
omin
ent
exam
ples
. In
para
llel
with
thes
e dev
elop
ment
s, t
he t
urn-
arou
nd t
imes
from
the
reco
gnit
ion
of pr
oble
ms
to the reversal of trends have shifted from decades to centuries.
The
impl
icat
ions
of th
ese
circ
umst
ance
s to
the
peop
le o
f Ca
nad
a an
d th
e Un
ited
Stat
es a
nd f
or th
e
oper
atio
n of
the
Inte
rnat
iona
l Joi
nt C
omm
iss
ion
are
prof
ound
. In
effec
t, th
e sca
le of
tran
sbou
ndar
y
effec
ts o
n he
alth
and
prop
erty
has
tran
scen
ded
the
Boun
dar
y Wa
ters
Trea
ty o
f 19
09 a
nd t
he p
roto
col-
revised Great Lakes Water Quality Agreement of 1978.
The
Boar
d is
part
icul
arly
conc
erne
d wi
th t
hree
pres
ent
and
emer
ging
issu
es in
the G
reat
Lake
s
basi
n, n
one
of w
hich
can
be r
esol
ved
sole
ly b
y ac
tion
s ta
ken
with
in t
he ba
sin.
Thes
e are
:
0
The
need
for a
scien
tific
appr
oach
to de
alin
g wi
th t
he i
ssue
of to
xic c
hemi
cals
, esp
ecia
lly
halogenated organics, in relation to human health
0
The
nee
d fo
r de
tail
ed s
tudi
es o
f th
e ef
fect
s of
clim
ate
cha
nge
on t
he G
rea
t La
kes
Bas
in
Ecosystem
0
The
nee
d fo
r gl
obal
inst
itut
iona
l ar
ran
gem
ent
s to
fad
lit
ate
pro
ble
m—so
lvin
g in
inst
ance
s
whe
re t
he h
ealt
h an
d se
curi
ty of
nati
ons
indi
vidu
ally
is je
opar
dize
d by
coll
ecti
ve gl
obal
actions and inactions
8.2 HEALTH
8.2.1 BACKGROUND
The
IIC
"Hu
man
Heal
th E
ffec
ts of
Grea
t La
kes
Wate
r Qu
alit
y” C
omm
itt
ee c
ame
into
bein
g on
e mo
nth
befo
re t
he si
gnin
g of
the G
reat
Lake
s Wa
ter
Qual
ity
Agr
eem
ent
of 19
78.
It wa
s
joint
ly re
spon
sibl
e to
the W
ater
Qual
ity B
oard
and
the S
cien
ce A
dvis
ory
Boar
d. F
ollo
wing
the
Wate
r
Qua
lit
y Bo
ard
’s t
rans
fer
of r
epor
ting
auth
orit
y to
the
Scie
nce
Adv
iso
ry B
oar
d in
1988
, th
e Sc
ienc
e
Adv
iso
ry B
oar
d ga
ve
the
com
mit
tee
a n
ew
nam
e, t
he "
Hea
lth
Com
mit
tee
,”
to r
eﬂec
t in
terr
elat
ions
hips
bet
wee
n ec
osy
ste
m he
alth
and
hum
an
heal
th;
bro
ugh
t th
e te
rms
of r
efer
ence
into
line
wit
h th
e Pr
otoc
ol-
Revi
sed
1978
Agre
emen
t; a
nd r
estr
uctu
red
the m
emb
ers
hip
of th
e com
mitt
ee.
The
Scie
nce
Advi
sory
Boa
rd a
lso
exp
and
ed
its E
xec
uti
ve C
omm
itt
ee t
o in
clud
e re
pres
enta
tion
fro
m th
e He
alt
h Co
mmi
tte
e, i
n
addi
tion
to th
ose
from
the
Ecol
ogic
al, T
echn
olog
ical
and
Soci
etal
Comm
itte
es.
 
Fro
m 19
74 t
o 19
87, t
he S
cien
ce A
dvis
ory
Boar
d ma
de 2
5 re
comm
enda
tion
s (s
ee Ta
ble
3) to
the
Com
mis
sio
n re
gard
ing
rese
arch
need
ed t
o im
prov
e un
ders
tand
ing
of th
e rel
atio
nshi
ps b
etwe
en t
oxic
65
 chemicals and human health. Most of these recommendations were evaluated by the Commission in its
various reports to the Parties; some were taken into account by the Parties in the 1987 Protocol revisions
to the 1978 Agreement. "
Table 3. Recommendations of the Science Advisory Board, 1974-1987, relating toxic organic chemi-
cals and human health, together with responses in reports from the International Joint
Commission and the Protocol-revised Great Lakes Water Quality Agreement of 1978.
Investigation
into the 1987
Year
Focus
IJC
Protocol
1974 Better health indicators 0 +
1975
Asbestos in water
+
0
1976
Research needs
+
+
1977 Toxic substances + +
1978
Hazard assessment
+
+
1978
Toxic substances
+
+
1978
Ecosystem approach
+
+
1979
Hazard assessment
+
+
1979
Toxic substances
+
+
1980
Destruction of toxics
+
0
1980
Reduce use of toxics
+
0
1980
Toxics: public awareness
+
0
1980
Human health risks
0
+
1980
Hazard assessment
0
+
1981
Health effects of toxics
+
+
1982
Epidemiological research
+
+
1982
PAHs, toxaphene
0
0
1982
Structure-activity
0
0
1982
Groundwater contamination
+
+
1983
Groundwater contamination
0
+
1983
PAHs, toxaphene
0
+
1985
Groundwater contamination
+
+
1985
Human health: lead
0
0
1985
Hexachlorocyclohexane
0
0
1987
Human health effects
+
+
+ = response
0 = no response
8.2.2
PROOF
OF
HARM
DYSFUNCTIONAL/UNSCIENTIFIC
The current framework for policy decisions requires one by one “proof” of harm before an indus-
trial chemical is banned. The Board considers that this requirement is dysfunctional and unscientiﬁc in
three respects:
0
Virtually all of the chemicals on the Water Quality Board’s primary and secondary track lists
are of industrial origin. They have
beenintroduced in the last one hundred years into a
planetary ecological system that has been in operation for several million years. One does not
have to be a biologist to know that random changes introduced into integrated systems have a high
probability of being harmful.
This statement should be equally obvious to a politician, medical
practioner or car mechanic.
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 Halo
gena
ted
orga
nics
(par
ticu
larl
y th
ose t
hat c
onta
in ﬂ
uori
ne,
chlo
rine
and
brom
ine)
form
a
case
in po
int.
Eigh
t of
the W
ater
Qual
ity
Boar
d’spr
imar
y tr
ack c
hemi
cals
and
mor
e th
an h
alf
of it
s sec
onda
ry t
rack
chem
ical
s ar
e ha
loge
nate
d or
gani
cs.
In co
ntra
st, o
nly
a sm
all
num
ber
of c
ompa
rabl
e, n
atur
ally
occu
rrin
g,prei
ndus
tn'a
l or
gani
c co
mpo
und
s co
ntai
ning
ﬂuor
ine,
chlo
rine
or b
rom
ine
are
kno
wn
(e.g
. mo
noﬂ
uor
oac
eti
c ac
id i
n an
Afr
ica
n pl
ant
and
the
anti
biot
ic c
hlor
amph
enic
ol,
from
a soi
l mir
co-o
rgan
ism)
. Th
is re
stric
tion
sugg
ests
that
ther
e
is so
meth
ing
inhe
rent
ly n
onbi
olog
ical
abou
t ha
loge
nate
d or
gani
cs (
excl
udin
g io
dina
ted
comp
ound
s).
Wit
h re
gard
to in
dust
rial
ly p
rodu
ced
halo
gena
ted
orga
nics
ther
efor
e, th
e
burden of proof should be to demonstrate lack of harm.
0
Scie
nce
does
not
prog
ress
on t
he ba
sis o
f "pr
oof.
" It
prog
ress
es b
y es
tabl
ishi
ng “n
ull”
hyp
oth
ese
s an
d di
spr
ovi
ng t
hem
. A
n ap
pro
pri
ate
“nul
l” h
ypo
the
sis
for
toxi
c ch
emi
cal
s in
rela
tion
to h
uma
n h
ealt
h mi
ght
be:
"Th
ere
is n
o re
aso
n to
beli
eve
that
the
leve
ls,
sing
ly o
r
coll
ecti
vely
, of
the
Wat
er Q
ual
ity
Boa
rd’
s pr
ima
ry a
nd
sec
ond
ary
trac
k ch
emi
cal
s in
the
Gre
at
Lakes Basin Ecosystem are harmful to human healt
The
form
ulat
ion
of th
e que
stio
n in
this
man
ner
is st
rate
gic i
n se
vera
l res
pect
s:
-
It li
mits
hedg
ing
on t
he i
ssue
of w
heth
er o
r no
t the
re a
re h
uma
n he
alth
effec
ts
-
It pe
rmi
ts t
he t
oxic
che
mic
al i
ssue
to b
e ad
dre
sse
d in
a sc
ient
ific
fra
mew
ork
-
It pr
ovok
es t
hose
who
thin
k th
at th
ere a
re n
o ef
fects
of to
xic c
hemi
cals
on h
uma
n he
alth
to r
e-e
xam
ine
thei
r th
oug
ht i
n li
ght
of e
vid
enc
e th
at w
oul
d h
ave
to b
e ig
nor
ed
-
It pr
ovi
des
a me
cha
nis
m fo
r el
icit
ing
kno
wle
dge
abl
e op
ini
on o
n qu
esti
ons
that
can
not
wait for all the evidence to be accumulated
-
It c
reat
es a
posi
tive
basi
s fo
r re
sear
ch t
o tr
ack
the
cau
ses
of t
he h
arm
ful
effe
cts,
inst
ead
of w
ait
ing
for
irre
para
ble
"pr
oof
" of
har
m
‘
-
It p
rov
ide
s pe
opl
e an
d de
cis
ion
-ma
ker
s wi
th a
clea
rer
und
ers
tan
din
g of
scie
ntif
ic
uncertainty than currently pertains
'
Few
of t
he a
ppr
oxi
mat
ely
65,0
00 i
ndus
tria
l ch
emi
cal
s in
com
mon
use
in N
ort
h Am
eri
ca"
hav
e be
en t
este
d fo
r ad
ver
se h
ealt
h ef
fect
s. F
or e
xam
ple
, a
198
4 st
udy
con
duc
ted
by
the
US.
Nat
ion
al A
cad
emy
of S
cien
ces
sho
wed
that
ade
qua
te t
oxic
olog
ical
inf
orm
ati
on w
as
available for only 10% of pesticides (or inert ingredients of their formulations studied),
whi
le a
deq
uat
e in
for
mat
ion
was
unav
aila
ble f
or al
l of
the
chem
ical
s in
com
mer
ce t
hat
wer
e
investigated.
The
curr
ent
req
uir
eme
nt f
or "
pro
of"
of h
arm
crea
tes
a si
tuat
ion
that
can
reso
lve
itse
lf
onl
y th
rou
gh c
ostl
y er
rors
. O
ne b
y on
e “p
roof
” of
har
m ca
n ne
ver
keep
pace
with
the r
ates
of
introduction of new chemicals.
8.2.
3
TOX
IC
ECO
SYS
TEM
S A
ND
PRE
NAT
ALL
Y I
MPA
IRE
D H
EA
LT
H
The
"Cau
se-E
ffec
t” W
ork
sho
p (C
ounc
il o
f Gre
at L
akes
Rese
arch
Mana
gers
) an
d th
e Hu
man
Heal
th
Wor
ksh
op
(He
alt
h Co
mmi
tte
e, S
cien
ce A
dvi
sor
y Bo
ard)
, he
ld i
n Ma
rch
1989
, we
re p
arti
cula
rly
inst
ruc-
tive
to t
he B
oar
d’s
on t
he s
ubje
ct o
f to
xic
che
mic
als
in r
elat
ion
to h
uma
n he
alth
. B
oth
wor
ksh
ops
sug
ges
ted
that
the
effe
cts
of t
oxic
che
mic
als
may
be m
ore
pro
nou
nce
d in
earl
y de
vel
opm
ent
al s
tage
s (i.
e.
offs
prin
g of
expo
sed
adul
ts) t
han
in th
e ex
pose
d ad
ults
them
selv
es.
In ot
her
word
s, t
he ta
rget
s ar
e the
reproductive and early developmental systems.
Beca
use o
f the
ir sh
orter
gene
rati
on ti
mes,
fish
and
wildl
ife m
ay t
ruly
be wh
at m
any
have
sugg
este
d: e
nvir
on-
ment
al eq
uiva
lent
s of
mine
rs’ c
anari
es.
Ifsu
ch s
houl
d pro
ve to
be th
e cas
e, th
en w
e wil
l hav
e dou
bly j
eopa
rdiz
ed
the l
ives
of ou
r chi
ldren
, th
roug
h the
sham
eful
legac
ies o
f pre
nata
lly i
mpai
red h
ealth
and
toxic
ecos
yste
ms.
The
high
leve
l of
conc
ern
link
ing
toxi
c ch
emic
als
and
hum
an h
ealt
h rai
ses a
n ob
viou
s qu
esti
on:
Is
hum
an h
ealt
h in
the G
reat
Lake
s Ba
sin
Ecos
yste
m be
ing
affe
cted
by e
xpos
ures
to to
xic c
hemi
cals
, an
d if
so, t
o wh
at e
xten
t? A
seco
ndar
y qu
esti
on is
: If
hum
an h
ealt
h is
affe
cted
, wh
at c
an b
e do
ne b
oth
to
prevent or reduce the adverse effects and to help those who are already affected?
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8.2
.4
IN
AD
EQ
UA
CY
OF
H
U
M
A
N
HE
AL
TH
IN
FO
RM
AT
IO
N
Th
er
e i
s d
ir
ec
t e
vi
de
nc
e t
ha
t h
um
an
he
al
th
is
be
in
g a
dv
er
se
ly
af
fe
ct
ed
by
ex
po
su
re
s t
o t
ox
ic
ch
em
ic
al
s i
n t
he
Gr
ea
t L
ak
es
Ba
si
n E
co
sy
st
em
;
ho
we
ve
r,
thi
s e
vi
de
nc
e i
s e
xt
re
me
ly
li
mi
te
d.
Th
e
mo
st
im
po
rt
an
t s
tu
dy
de
mo
ns
tr
at
in
g a
re
la
ti
on
sh
ip
ha
s b
ee
n c
on
du
ct
ed
at
Wa
yn
e
St
at
e U
ni
ve
rs
it
y i
n D
et
ro
it
.
In
19
84
, F
ei
n a
nd
Ia
co
bs
en
pu
bl
is
he
d r
es
ult
s s
ho
wi
ng
th
at
th
e o
ff
sp
ri
ng
of
wo
me
n
wh
o
co
ns
um
ed
fis
h
fr
om
La
ke
Mi
ch
ig
an
ha
d l
ow
er
bir
th
we
ig
ht
s (
re
du
ce
d b
y 1
60
-1
90
g),
sm
al
le
r h
ea
d c
ir
cu
mf
er
en
ce
s
(r
ed
uc
ed
by
0.6
-0.
9 c
m)
, a
nd
va
ri
ou
s b
eh
av
io
ur
al
im
pa
ir
me
nt
s w
he
n
co
mp
ar
ed
wi
th
th
e c
hi
ld
re
n o
f n
on
-
ﬁs
h e
at
in
g m
ot
he
rs
.
Th
is
co
ho
rt
(25
2 e
xp
os
ed
an
d 7
1 u
ne
xp
os
ed
) i
s n
ow
be
in
g f
ol
lo
we
d a
s t
he
ch
il
dr
en
gr
ow
up
.
Re
sul
ts
of
the
fir
st
fo
ll
ow
-u
p s
tu
dy
ar
e d
ue
to
be
pu
bl
is
he
d i
n t
he
fal
l o
f 1
989
.
Th
e i
mp
or
ta
nt
qu
es
ti
on
wil
l b
e w
he
th
er
th
e d
iff
ere
nce
s b
et
we
en
ex
po
se
d a
nd
un
ex
po
se
d g
ro
up
s p
ers
ist
wi
th
age
.
It i
s d
iff
icu
lt
to
ass
ess
wh
et
he
r,
an
d t
o w
ha
t e
xte
nt,
hu
ma
n p
op
ul
at
io
ns
ar
e e
xp
er
ie
nc
in
g a
dv
er
se
eff
ect
s f
ro
m t
oxi
c c
he
mi
ca
ls
.
Th
e s
cie
nti
ﬁc
ev
id
en
ce
de
mo
ns
tr
at
in
g h
um
an
he
al
th
eff
ect
s m
ay
be
li
mi
te
d
si
mp
ly
be
ca
us
e s
cie
nti
sts
ha
ve
not
lo
ok
ed
for
the
rig
ht
hea
lth
eff
ect
s.
Als
o,
as
wa
s t
he
cas
e w
it
h p
oli
o-
mye
lit
is
50
yea
rs
ago
, c
on
te
mp
or
ar
y s
cie
nce
ma
y b
e i
nad
equ
ate
to
dea
l w
it
h t
hes
e p
rob
lem
s.
To
dat
e,
stu
die
s h
av
e f
ocu
sed
on
can
cer
an
d a
dve
rs
e p
re
gn
an
cy
out
co
me
s,
but
the
se
hea
lth
eff
ect
s a
re
onl
y g
ros
s
ind
ica
tor
s o
f h
um
an
hea
lth
sta
tus
. W
e k
no
w
lit
tle
ab
ou
t m
or
bi
di
ty
(i.e
. i
lln
ess
) a
nd
the
ext
ent
to
wh
ic
h
pe
op
le
exp
eri
enc
e h
eal
th
pr
ob
le
ms
tha
t d
o n
ot
req
uir
e a
vis
it
to
a p
hys
ici
an
or
a h
osp
ita
l a
dmi
ssi
on.
Eve
n w
he
n i
nfo
rma
tio
n o
n h
eal
th
sta
tus
is c
oll
ect
ed,
it i
s ra
rel
y l
ink
ed
to i
nfo
rma
tio
n o
n e
nvi
ron
-
men
tal
qua
lit
y.
The
se
lin
kag
es
are
imp
ort
ant
if w
e a
re
to u
nde
rst
and
ho
w c
hem
ica
l e
xpo
sur
e i
n t
he
env
iro
nme
nt
aff
ect
s h
um
an
hea
lth
. M
or
e s
ens
iti
ve
ind
ica
tor
s o
f he
alt
h s
tat
us
are
nee
ded
.
In
par
tic
ula
r,
it m
ay
be
use
ful
to
dev
elo
p h
eal
th
sta
tus
ind
ica
tor
s r
ela
ted
to e
arl
y g
row
th
and
dev
elo
pme
nt.
Thi
s
dev
elo
pme
nt
wo
ul
d b
e u
sef
ul
bec
aus
e m
an
y t
oxi
c c
hem
ica
ls
are
kn
ow
n t
o a
ffe
ct n
orm
al
gro
wth
and
development in the offspring of exposed adults.
It i
s al
so d
ifﬁ
cul
t to
def
ine
wha
t c
ons
tit
ute
s a
n a
dve
rse
hea
lth
effe
ct.
It c
an
be
arg
ued
tha
t wo
rry
an
d a
nxi
ety
res
ult
ing
fro
m u
nce
rta
int
ies
abo
ut
the
eff
ect
s o
f c
hem
ica
l e
xpo
sur
es
are
the
mse
lve
s a
dve
rse
hea
lth
eff
ect
s.
Mo
st
cur
ren
t d
eﬁn
iti
ons
de
ﬁne
hea
lth
to
inc
lud
e a
sta
te
of
men
tal
wel
l-b
ein
g.
Cle
arl
y,
if
an
ind
ivi
dua
l i
s a
nxi
ous
abo
ut
pos
sib
le
adv
ers
e e
ffe
cts
cau
sed
by
per
cei
ved
or
act
ual
che
mic
al
exp
osu
re,
he
is n
ot e
njo
yin
g a
stat
e of
men
tal
wel
l-b
ein
g; h
enc
e, h
e is
not
hea
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 cally, rather than additively. In addition, effects may not be observed for years or decades after the
exposure. For example, birth defects do not appear until the next generation, and some cancers have a
15-20 year latency period. These factors make it virtually impossible to trace a direct cause and effect
relationship between an observed health effect and exposure to a particular chemical.
Another reason why information linking adverse human health effects to exposure to toxic chemi-
cals is incomplete is that the scientiﬁc tools used to study these links are often inadequate. For many
years, we have relied on toxicology and epidemiology to provide information on how to observe and
predict health effects in human populations. However, these scientific disciplines were originally
developed for other purposes, and are ill-suited for providing good information about adverse health
effects resulting from long-term, low-level, multiple environmental exposures to chemicals.
In many cases, epidemiologic techniques may not be able to identify health effects resulting from
chemical exposures because of the large samples required to detect rare effects. Another limitation is
that, because entire populations are exposed, unexposed control groups are difﬁcult, often impossible to
identify. There are some promising trends in the development of new scientific methodologies, such as
the use of more sensitive indicators of health status and the use of biochemical changes in individual
cells, tissues and organs as indicators of chemical exposure. But it may be several years before bio-
chemical ’markers’ can be usefully applied to exposed human populations.
'
1
Over the last few decades, extremely sensitive methodologies have been developed to detect
chemicals in the environment and in our own bodies. For example, some chemicals can be measured to
a level of one part per quadrillion (one part in 1,000,000,000,000,000) or less. But these huge technical
advances have outpaced our ability to interpret the meaning of the results obtained. Our ability to
understand the significance of the presence of low levels of many chemicals in the environment has
lagged seriously behind our analytical expertise. The public and their decision makers want to know
what one part per quadrillion of a chemical in the environment means. Sophisticated measurements are
of little value unless accompanied by the necessary interpretation to give them meaning.
Given the foregoing uncertainties, it is difficult to determine the extent to which human health in
the Great Lakes Basin Ecosystem is affected by exposures to toxic chemicals.
There is, however, abundant evidence of health effects, particularly in early developmental stages,
in wildlife populations. Although the human data are limited, it is likely that exposed human popula-
tions behave in a similar way to exposed wildlife populations. This phenomenon exists because we
share similar ancestries and evolutionary histories. We are exposed to the same toxic chemicals; we
}
accumulate the same chemicals in our bodies, and toxic chemicals often have similar mechanisms of
1
action in humans and wildlife. On this basis, it is reasonable to presume that toxic chemical exposures
j
are adversely affecting human health. The effects may not be life-threatening at a personal level, but
i
may have a significant effect on the health of our children at the community and population levels.
1
Because science has not been able to come up with much direct causal evidence to date on direct human
health effects, it is important to consider what other factors should be taken into account in making
A decisions about how to protect human health in the Great Lakes Basin Ecosystem.
8.2.5 A PREVENTIVE APPROACH NEEDED
One possiblity for human societies is to borrow one of the axioms of the public health movement,
preventive health care. The notion of preventive health care is based on the premise that it is wiser and
easier to use resources to prevent people from becoming sick than it is to cure them after they have
become sick. Obviously, preventive health care and curative health care are complementary, rather than
mutually exclusive. Proponents of preventive health care argue that more health care resources should
be spent to keep people healthy. In the environmental context, this situation could mean financing
programs to reduce or eliminate toxic chemical exposures, as a preventive health measure. Indeed, the
explicit concept of the virtual elimination of discharges of persistent toxic chemicals, contained in the
Great Lakes Water Quality Agreement, has already provided a basis for preventive health care for the
Great Lakes Basin Ecosystem. Given the inadequate and incomplete nature of information about health
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At present, health and environmental scientists attempt to prove the existence of direct relation-
ships between observed health or environmental effects and specific chemical exposures. This type of
direct relationship is also known as a ’cause and effect’ relationship because the effect can be attributed
to a specific cause. However, as discussed above, ’cause and effect’ determinations are difficult, and in
some cases, virtually impossible to obtain for many chemicals, so other factors must be taken into
account in the decision-making process.
One option that would help environmental decision makers with this difﬁculty would be the use of
a ’weight of evidence’ approach; This approach would require environmental and health decision
makers to prove only that the weight of scientiﬁc evidence suggested that observed health effects were
being caused by particular chemicals or groups of chemicals. There would be some scientiﬁc difficulties
associated with this option, but many policy problems could be resolved. In some instances, this
approach is already being used in policy development.
It may also be helpful to examine current practices on how new chemicals are tested to determine
if they are harmful. As discussed above, toxicology, and to some extent epidemiology, are used to
assess whether or not a chemical can cause adverse effects.
Organizations promoting the use of new industrial chemicals should have to show that they are
biospherically compatible in specified doses. Shifting the burden of proof from presumed innocence to
presumed guilt is clearly complementary to the precepts of preventive health care for the environment
and human health.
Much of the discussion in this section has been general and has not focused speciﬁcally on the
Great Lakes Basin Ecosystem; however, the problems and suggested approaches are obviously relevant
for the region. This situation raises the question: Is the status of ecosystemic health in the Great Lakes
Basin Ecosystem different from that in other regions of North America? It is difficult to answer this
question conclusively because of the limited nature of available health information related to toxic
chemicals, but based on gross indicators of health status (e.g.' mortality), it seems unlikely that there are
large scale differences between residents of the Great Lakes Basin Ecosystem and residents of other
regions. It does not mean there are no local differences in health status within the basin. Indeed, it is
probable that there are differences in health status across the Great Lakes Basin Ecosystem as indicated
by the limited data available.
Because many chemicals in the basin come from outside the basin, actions taken within the basin
cannot entirely prevent the occurrence of deleterious health effects in the basin. A consideration of
sources of chemical exposures from outside the region should include both an examination of possible
pathways and origins of exposure, and liaison with relevant agencies, groups and individuals outside
the Great Lakes Basin Ecosystem. Health effects associated with exposures to toxic chemicals are a
global concern.
8.2.6 CONCLUSIONS AND RECOMMENDATION
The governments of the United States and Canada clearly recognized the increasing importance of
human health issues and their relation to ecosystemic health issues in the 1987 revisions to the Great
Lakes Water Quality Agreement of 1978. The Board considers that the issues identified in the 1987
amendments have major implications for human and ecosystemic health and that there is a clear need
for a comprehensive binational investigation, not limited to the Great Lakes basin, to address questions
concerning the relationship between toxic ecosystems, people’s exposure to toxic chemicals, and health.
The Board thinks that such a binational investigation, perhaps carried out as a reference to the
International Joint Commission, could provide people, governments and industries with a better basis
for managing the toxic chemical issue. Such an investigation, addressing the nature, extent and signiﬁ-
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cance of human exposure to toxic chemicals, could be a means of identifying research, monitoring and
information needs to assist governments in managing the toxic chemical issue. The study could also be
an important element in the development of an integrative, long-term strategy for deploying both
preventive and curative measures to alleviate adverse effects of toxic chemicals on human health.
On the basis of its examination of the toxic chemical issue, the Great Lakes Science Advisory Board
concludes that:
0
The chemicals on the Water Quality Board’s lists of primary and secondary track chemicals,
particularly halogenated organics, should be gradually phased out of production, except in
individual cases in which the weight of evidence supports the view that the chemicals in
approved doses do not jeopardize the health and integrity of natural ecosystems
0
The effects of toxic chemicals in low doses and low concentrations are more prounounced in
offspring born to exposed adults than in the exposed adults themselves
0
There is no reason to suppose that humans are immune to the effects exhibited by low doses
and low concentrations of toxic chemicals on other vertebrate populations
0
The human health system is not well-poised to detect the effects of toxic chemicals on human
life and life-support systems
0
The issue of toxic chemicals in relation to human health is of binational and, in fact, global
concern; it is not peculiar to the Great Lakes basin
For the above reasons, the Board strongly recommends that:
0
The Commission actively encourage the governments of Canada and the United States to carry out a
comprehensive binational investigation, possibly a reference, concerning the significance, nature and
extent of human exposure to toxic chemicals
8.3 GLOBAL CLIMATE CHANGE
Impacts of global climate change on the Great Lakes cannot be assessed without expanding the
scale of observation continentally and globally. To examine the Great lakes in isolation from the rest of
the planet is nonecosystemic (see Section 6 on the Economy-Environment Linkages Roundtable).
This "greenhouse effect” results when carbon dioxide and other atmospheric constituents trap
infra-red radiation, that would otherwise be radiated from the Earth to space. Currently, carbon diox-
ide is estimated to cause about half of the greenhouse effect. CFCs, methane and nitrous oxide are other
1‘
contributors. The levels of carbon dioxide have increased by about 30% since the middle of the 19th
}
century. The rate of increase of carbon dioxide is accelerating; more than half of the total increase has
}
occurred in the past 30 years. The principal causes of the rising levels of carbon dioxide are the combus-
‘
tion of fossil fuels and deforestation.
l
It has been suggested that if climate warming were to occur, it would affect the frequency, inten-
sity, duration and location of extreme meteorological events. The assessment of such events in the
recent past and their ecological and societal implications might provide a first approximation of how
climate change might affect the Great Lakes basin, and how societies in the basin might be prepared to
cope with such changes.
While the Board has not addressed the issue of climate change in detail, it does recognize a need to
alert the Commission to the seriousness of the situation. One promising research approach to such
questions is “forecasting by analogy.” Assessing the ecosystemic impacts of recent environmental
changes might lead to the identification of strengths and weaknesses in dealing with extreme meteoro-
logical events and their impacts. This assessment could enable societies to correct their weaknesses and
add to their strengths in coping with similar events associated with future climate change.
 
Estimates of the effects on Great Lakes water supplies of a doubling of atmospheric carbon dioxide
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 have been made by the Great Lakes Environmental Research Laboratory (GLERL). The techniques
simulate moisture storage and runoff from 121 watersheds draining into the Great Lakes, and over-lake
precipitation, heat storages and evaporation for each lake. Each component is modelled separately and
then used in conjunction with regulatory plans, water balance models and hydraulic routing models of
outlet and connecting channel ﬂows to estimate water levels, storages and possible hydrological
changes. By linking these hydrologic models with General Circulation Models (GCMS), corresponding
to a doubling of atmospheric carbon dioxide, simulations of steady-state hydrologic conditions can be
obtained (see Table 4).
Table 4. Average annual steady-state changes of Great Lakes conditions and net basin supplies of
water, based on hydrological simulation models developed by the Great Lakes Environ-
mental Research Laboratory. GISS - Goddard Institute of Space Sciences model; GFDL -
Geophysical Fluid Dynamics Laboratory model; OSU - Oregon State University model.
All models are based on a doubling of the levels of carbon dioxide in the atmosphere.
Higher overland N et
Over Land ’ Evapo- Basin Over Lake Over Lake Basin
Scenario Precipitation Transpiration Runoff Precipitation Evaporation Supply
GISS
+2%
-21%
-24%
+4%
+27%
-37%
GFDL
+1%
-19%
~23%
0%
+44%
-51%
OSU
+6%
-19%
-11%
+6%
+26%
~23%
The results of these simulation models lead to a number of conclusions. Higher air temperatures
under the doubled carbon dioxide scenarios lead to higher over-land evapotranspiration and lower
runoff into the lakes, with earlier runoff peaks. The snow season is shortened by two to four weeks.
This phenomenon results in a more than 50% reduction in available soil moisture. Water surface tem—
peratures are warmer and peak earlier on Lake Superior. Larger amounts of heat are retained through-
out the year by the deeper lakes. Buoyancy-driven turnovers of the water columns, which currently
occur twice annually on all lakes, occur less frequently on four of the six lakes included in the models.
Ice formation is greatly reduced in the deeper lakes. Evaporation increases on all lakes. The overall
effect is that net supplies of water to the lakes, directly and indirectly, are reduced as shown in Table 4.
The average steady-state lake levels are seen to drop by varying amounts in all cases (see Table 5).
Analyses of an 80-year transient scenario indicates that the upper lakes drop 13-66 mm per decade; Lake
Ontario drops 93 mm per decade, with most of the drop in the last decade.
Table 5.
Average annual differences (in meters) of steady-state levels of water in the Great Lakes,
based on hydrological simulation models developed by the Great Lakes Environmental
Research Laboratory. 6158 - Goddard Institute of Space Sciences model; GFDL - Geo
physical Fluid Dynamics Laboratory model; OSU- Oregon State University model. All
models are based on a doubling of the levels of carbon dioxide in the atmosphere. Absent
entries not obtained due to failure of regulation plans.
Basin
GISS
GFDL
OSU
Superior
-0.46
-
-0.47
Michigan-Huron
-1.31
-2.48
-0.99
St. Clair
-1.21
-2.12
-O.87
Erie
-1.16
-l.9l
.079
Ontario
-
-
-
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 Climatechange also poses other concerns. Ecological relationships among the biological communi-
ties will change if the lakes do not experience the typical spring and fall turnovers of the water column.
1 Changes will likely take place in fish populations and communities, benefitting some species and
harming others, resulting in shifting patterns of distribution and abundance. Winter tourism and
recreational activities that require dependable snow cover could collapse throughout the Great Lakes
region. Shortages of soil moisture could prove disastrous to agriculture.
A symposium jointly sponsored by the US. National Climate Program Office and Canadian
Climate Centre (1989) examinedthe impacts of global climate change on the Great Lakes basin from
diverse physical, social and economic points of view. As stated by William Evans at the symposium:
"The Great Lakes basin, its people and its commerce, is a microcosm of society as a whole. The
basin, jointly managed by two countries, is a unique natural resource and vital to the economies of both
our countries. It must be used widely and protected. What happens here in the future due to climate
change will have enormous impacts on both the United States and Canada.”
Attendees at the symposium concluded that there is a high likelihood of major climatic change in
the Great Lake basin and recommended that:
-
0
A LI.S.-Canada integrated study of the Great lakes basin be developed as a regional pilot project for an
international response to global climate change
0
A joint planning group to organize and develop the pilot project be established. The recommended
activity should be integrated with and built upon two major ongoing basin efforts, the Remedial
Action Plan Program for the Areas of Concern in water quality, and the ongoing International Ioint
Commission Lake Levels Reference Study
The Science Advisory Board endorses these recommendations.
8.4 THE NEED FOR A BIOSPHERIC PERSPECTIVE
The Board considers that the trends now developing globally parallel those that took place within
the Great Lakes basin in the 19605 and 19705, and that international institutional arrangements in the
basin may provide a useful management model for the world.
An ecosystem perspective in the basin began with the Boundary Waters Treaty of 1909, which
established a mechanism for the peaceful resolution of disputes arising when actions on one side of the
border lead, or are likely to lead, to injury to health of property on the other side of the border. The first
use of the Treaty was based on a recognition by the Governments of the United States and Canada that
the Great Lakes were being polluted. Fifty years later came another reference, the "Lower Lakes Refer-
ence" in 1964, and a report from the Commission to the Governments in 1970. The Governments
responded by negotiating a series of Great Lakes Water Quality Agreements, the first of which was
signed in 1972. In 1977, the Great Lakes Research Advisory Board alerted the Commission that the
piecemeal management approach based solely on water in the 1972 Agreement was not working, that an
ecosystem approach to dealing with transboundary problems was needed. This notification led to a
further report from the Research Advisory Board in July 1978, and incorporation of the ecosystem
concept by the Parties into a new Agreement signed later the same year. These proceedings have been
summarized and put into perspective by Caldwell (1988).
Governments now appear to be following a similar process globally through piecemeal steps in a
progression that will eventually lead to the recognition of the need for a biospheric approach to dealing
with global problems. For example, nations now recognize that the ozone layer is being eroded as a
result of CFCs (chloroﬂuorocarbons) and have taken steps through a Protocol signed in Montreal in 1987
to reduce the production of CFCs. Similarly, the effects of rising levels of "greenhouse gases” on the
climate of the Earth are now being seriously considered. Perhaps this consideration will lead to the
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 signing an atmospheric protocol on greenhouse gases. This process is what is meant by a piecemeal
progression.
In contrast, the signiﬁcance of the 1978 Great Lakes Water Quality Agreement lies in its strong
afﬁrmation of the need for an integrated ecosystemic (social-economic-environmental) approach to
problem solving, and in its insistence that piecemeal approaches to dealing with complex systems
do not work. Because this lesson has been learned the hard way in the Great Lakes Basin Ecosystem,
that experience should be used to shorten the similar process developing on a global scale. The Board
reminds the Commission and Parties that its original proposal (Great Lakes Research Advisory Board 1978) for the
adoption ofan ecosystem approach in the Great Lakes basin was predicated on the assumption of a biospheric
approach to problem—solving by nations as a whole. In effect, it is the failure of nations collectively to grapple
with intra-national issues that is leading to the development of supra-national issues such as climate
change, ozone depletion and toxic ecosystems on a global scale. Nor are these the only global issues; the
ecosystemic security and integrity of nations is at stake. The concepts of state and national sovereignty
are largely obsolete, hangovers from another age in which ego-systemic behaviour was characteristic of
nations.
The model of the Boundary Waters Treaty of 1909 provides an example of how nations might
collectively negotiate new institutional arrangements for resolving ecosystemic problems on a biospheric
scale. The prime virtue of the Treaty is that it provides a mechanism for the peaceful resolution of
transboundary problems in joint interest, without relinquishing national control. A current example of
the need for such a process is provided by recent reports of levels of toxic chemicals in the food and
bodies of Inuit in the Canadian Arctic, levels that are ﬁve to ten times higher than levels in more south-
erly populations of Canada and the United States. The suspected sources are North American an_d
Eurasian, via long-range atmospheric transport. There are no major sources of these chemicals in the
Arctic.
A biospheric perspective could bring substantial benefits to nations collectively by providing a
framework for dealing with supra-national problems in an integrative, rather than piecemeal manner.
The arguments exactly parallel those used by the Governments of Canada and the United States in
adopting an ecosystemic approach to problem-solving in the Great Lakes basin. Accordingly, the Board
considers that the two Governments, utilizing the experience of the Commission, could ﬁnd it useful to
extend and explore new supra-national arrangements for dealing with biospheric problems.
Therefore the Board recommends that:
0
The Commission advise the Parties of the desirability of strengthening international arrangements to
anticipate and prevent problems arising from collective actions which threaten the integrity of the
biosphere, thereby providing a necessary global context for the Great lakes Water Quality Agreement
8.5
INTEGRATED PEST MANAGEMENT
IN THE GREAT LAKES
BASIN
ECOSYSTEM
The adoption of anticipatory, preventive and adaptive strategies was addressed by the Board in its
1987 Report, and is a policy endorsed by the Commission, US. EPA and Environment Canada. The
challenge of moving from policy, good intentions and common sense to speciﬁc actions becomes appar-
ent when addressing the anticipation and prevention of pollution.
Integrated Pest Management (IPM) is
one such initiative; it represents a major opportunity to reduce the widespread dependence on chemi-
cals, and their indiscriminate use in agriculture, through applied science and research.
Integrated Pest Management is addressed in the GLWQA under Article VI, 1(e)(i), and provides
for the Parties to develop and implement research and educational programs to facilitate the integration
of cultural, biological and chemical pest control techniques.
The concept of designing integrated systems to manage agricultural pests is not new.
IPM has
been viewed as a rational approach to providing long-term solutions to pest problems for over 30 years.
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Monitoring of pest population levels is an important component of IPM programs. Here a pheremone lure is used
to attract codling moths (Cydia pomonellu) to assess the potential economic injury to an apple crop. If the popula-
tion exceeds the economic threshold, a chemical strategy is recommended. Pesticide usage is reduced when pest
incidence does not warrant spraying.
In her book, "Silent Spring,” Rachel Carson spoke of the research potential for biological controls;
however, her vision has only begun to be realized. Developments in agricultural science are starting to
place greater emphasis on the interrelated aspects of agricultural systems. As a result, current initiatives
and developments in entomology, crop science, land resource science and ecology have renewed the
attention accorded IPM.
IPM employs many different biological, cultural and chemical techniques, combined with climatol—
ogical information; however, it is effective only when it is applied in an integrated fashion. The use of
chemicals, if required, is determined by pest-population thresholds, based on levels of economic injury.
Pesticides must be used selectively in order that beneficial species such as predatory insects and their
host plants are not affected, thereby contributing to the control of pest outbreaks. Other IPM methods
that focus directly on pests in an agro-ecosystem include pheremones (both attractants and repellents),
sterilants and biological products (usually bacterial, viral or fungal) such as Bacillus thuringiensis. A
multitude of cultural techniques are also important, including ridge and conservation tillage, mulching,
crop rotations and intercropping. These techniques directly suppress pest populations, encourage
beneficial species, and enhance soil structure and fertility in order to support more vigorous pest-
resistant crops. The particular strategies used by farmers depend upon the crops grown and the locale.
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In the simplest of IPM programs, attention has focused largely on optimizing pesticide use, while
retaining conventional pest control strategies. In these programs, substantial reductions in pesticide use
have been achieved by better timing of chemical spraying and improved training of those who apply
pesticides. For IPM to diminish dependence on chemical control and to contribute to the reduced
discharge of pollutants into the Great Lakes Basin Ecosystem necessitates that farmers and the jurisdic-
tions move beyond conventional approaches to comprehensive strategies which view farming in the
context of agro-ecosystems.
Notwithstanding the opportunities and progress to date, it is apparent from a preliminary review
of basin programs, that a renewed commitment to IPM goals is required. Resources have been lacking
to build the information needed to implement IPM programs successfully and to facilitate increased
grower acceptance and implementation. While the scientific and ethical importance of integrated
approaches to pest management has developed wider public acceptance, it would appear that well—
developed extension and education programs are not adequately supported by ongoing research.
Pest resistance and public pressure to ban and restrict pesticide use could severely limit chemical
control options. This limitation could impinge on the economic viability of agricultural systems. Bio-
logical and cultural options developed as a result of IPM can reduce agricultural reliance on pesticides
and avoid a reactionary or irrational response to perceived problems. As well, the financial and tempo—
ral costs of proving pesticides safe can be reduced if dependence on them is lessened and new strategies
are adapted to fit the needs of agriculture. In terms of the maintenance of ecosystem integrity, IPM
anticipates potential problems arising from the use of chemicals as more is learned about the long-term
and synergistic effects of pesticides in the environment.
A survey assessing the focus and progress of the IPM programs in the basin is currently underway
and the Board will be presenting recommendations based on this work.
8.6 TOXICS MANAGEMENT
The growing number of programs and initiatives at the national, state, county and local level in the
area of toxics has created an uncoordinated profusion of government organizations and initiatives in the
toxics area to which various levels of risk policy are being applied.
This lack of coordination becomes particularly serious during periods of uncertainty or emergen—
cies where there is no clear, responsible leadership to address risk policy and related questions. There-
fore, the Board recommends:
. That the Commission advise the Governments of the United States and Canada that the great increase
in toxics management initiatives at the national, state, provincial, county and local level has resulted
in a highly fragmented institutional response to the problem. There is an urgent need to integrate these
efforts under a risk policy umbrella administered under one governmental executive or agency for
purposes of risk policy coordination. Without such an effort, much of the energy that will go into the
management and control of toxic substances will not be effective
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 9.0 COUNCIL
OF GREAT
LAKES RESEARCH MANAGERS"
9.1 INTRODUCTION
The Council of Great Lakes Research Managers was established in 1984 to enhance the ability of
the Science Advisory Board (SAB) and the Commission to provide effective leadership, guidance and
evaluation of Great Lakes research programs, with particular reference to programs required or funded
pursuant to the provisions of the Great Lakes Water Quality Agreement.
At the March 22-23, 1989 meeting, the Council of Great Lakes Research Managers marked the
passing away of the late Dr. Fahmy K. Fahmy, former Secretary of the Council. Dr. Fahmy had contrib-
uted much to the founding of the Council and to the success of the 1984 workshop on PCBs.
The Council has been involved'in three major studies during the past two years. It set up a Steer-
ing Committee to prepare a document on the Research Needs for the Remedial Action Plans. This study
has now been published (IIC 1988). The Council completed its initial work on a preliminary inventory
of Great Lakes research and is preparing for a major workshop on research priorities in the fall of 1989.
Finally, in March 1989, the Council held a successful workshop in Chicago on methods of linking causes
with effects.
9.2 REMEDIAL ACTION PLANS RESEARCH NEEDS
Forty-two Areas of Concern have been identified in the Great Lakes basin; in these areas the 1978
Great Lakes Water Quality Agreement objectives or jurisdictional (state/ provincial) standards, criteria
or guidelines have been exceeded. As a result of the 1985 Report of the Water Quality Board, the eight
Great Lakes states and the Province of Ontario conunitted themselves to developing a remedial action
plan (RAP) for each Area of Concern (AOC) within their political boundaries. RAPs will not only
identify specific measures to control sources of pollution, abate existing contamination (e.g. contami-
nated sediments) and restore all uses, but will also present schedules for the implementation of specific
remedial actions.
At the August 1987 meeting, the Council decided to issue a synopsis of the required research needs
for Areas of Concern recognizing that Remedial Action Plans (RAPs) for Areas of Concern were in
preparation. A steering committee was formed and immediately met, with the aim of quickly preparing
a draft document for discussion at the biennial meeting of the International Joint Commission, which
was held in November 1987 in Toledo, Ohio. It was anticipated that a new Annex would be introduced
into the 1987 Protocol to the 1978 Great Lakes Water Quality Agreement to respond specifically to the
preparation of Remedial Action Plans for Areas of Concern.
The Steering Committee made numerous enquiries within the Great Lakes basin to assist in
identifying research topics specific to Areas of Concern. A request for information on research needs for
specific AOCs was sent to all RAP coordinators and the information received from them was used to
compile the document. The report represents a compilation of the RAP research needs identified by
scientists active in the Areas of Concern, the Research Needs Steering Committee and jurisdictional RAP
coordinators. Because of the various research and study requirements specific to the individual Areas
of Concern, no attempt was made to assign priorities.
The document primarily addressed RAP research and study needs relating to the physical, chemi-
cal and biological sciences. In addition to the research needs identified for ecosystem integrity (water,
sediments and biota), socio-economic considerations need to be addressed in developing an imple-
mentable Remedial Action Plan. Socio-econornic considerations include identifying the institutional,
‘This report of the Council is included here for convenience only. The Council reports jointly to the
Commission and Co-Chairs of the Science Advisory Board, not to the Board itself.
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These criteria have been extensively used in epidemiology to discuss the linkage between human
diseases and suspected causes. However, there are few examples where they have been used to infer
causality in relation to diseases in fish and wildlife populations.
The Council of Great Lakes Research Managers recognized this paucity of examples as an impor-
tant topic in relation to the successful implementation of the Protocol to the Great Lakes Water Quality
Agreement. The Council, therefore, held a workshop to explore the use of these criteria in relation to
outbreaks of diseases in biota in the Great Lakes basin suspected of having been caused by chemicals.
There were several objectives for the workshop. First, it was a forum in which to critically examine
case histories or examples of research where the cause of a disease had been related to chemicals in the
environment. The second objective was to examine the five criteria and to decide whether they were an
adequate framework for relating effects to causes in relation to the above examples and case histories.
The third objective was to determine whether this framework can be used to design future research on
outbreaks of disease suspected to have been caused by chemicals. Finally, the workshop examined the
limitations of the research for policy decisions for the control of toxic chemicals in the Great Lakes.
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Background papers were prepared on the following case histories:
 
REPTILES
Embryonic mortality and de-
Christine Bishop
forrnities in snapping turtles
FISH
Tumors in black bullheads
Paul Baumann
Reproductive impairment in Michael Mac
Lake Michigan lake trout or
Chinook salmon
FISH-EATING
Eggshell thinning in bald
Theo Colborn
BIRDS eagles
Chick edema disease in gulls, Michael Gilbertson
terns and cormorants
FISH-EATING
Reproductive impairment in
Christopher Wren
MAMMALS mink and otters
HUMAN HEALTH
Reproductive implications for
Wayland Swain
eaters of Great Lakes fish Timothy Kubiak
James Ludwig
Glen Fox
The workshop was designed to bring together scientists from a variety of disciplines with manag—
ers responsible for research, natural resources and control of toxic chemicals. The workshop was a
forum to focus ﬁrst, on the technical aspects and the limitations of the evidence and then to explore the
management implications for decision making in the face of uncertainty.
9.3.1
CONCLUSIONS AND RECOMMENDATIONS
9.3.1.1 Design, Organization and Funding of Research
The workshop concluded that the five criteria (time order, strength of association, specificity,
consistency on replication and coherence) which had been developed by epidemiologists for
inferring causality, constitute a reliable framework in which to discuss suspected outbreaks of
chemically-induced diseases in fish and wildlife in the Great Lakes Basin Ecosystem as well
as in humans. However, the various case studies presented at the workshop show that
insufﬁcient research has been carried out to effectively investigate actual outbreaks of dis-
eases suspected of having been caused by chemicals. Much of the past research on contami-
nants has focused on the concentrations of substances in various components of the environ-
ment and on experimentation on the fate and effects of substances. This approach remains
important but more field research, beginning with observation of species showing biological
effects, is required.
It is thus recommended that some of the research on chemicals in the Great lakes be reoriented to
interpretation of the causes of outbreaks of diseases suspected to be induced by chemicals. There is a
need to design disease-related research so that laboratory experimentation and analytical chemistry are
reoriented to investigating affected wild populations in the field. Research managers should keep the
epidemiological criteria in mind when designing this kind of research program
No one researcher, agency or country has the requisite skills to solve all of the toxicological
riddles posed by chemically-induced diseases or epidemics occurring in the Great Lakes
basin. —
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9.3.1.2 Research Findings and Implications
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Persistent toxic substances are the most important and serious problem facing the administra-
tion of the Great Lakes.
Preliminary studies of a human population in western Michigan have shown that mothers
who ate a pound or more of Lake Michigan fish per month produced children who weighed
about 5% less at birth and had discernible (7%) neuro-behavioural abnormalities. These
effects have been associated with the presence of PCBs in the ingested fish, but the signifi-
cance of these observations is uncertain.
These preliminary findings are consistent with the findings of reproductive anomalies in
Great Lakes fish and wildlife populations and indicate the need to focus on other risks to
human health besides cancer. There is a need to develop more sensitive health indicators,
including behavioural anomalies. —
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 It is recommended that the perinatal findings of the Michigan fish-eater study be verified by followup
at four and eight years of age and that other studies offish-consumers be conducted in the Great Lakes
basin
Though there is strong evidence linking teratogenic chemicals in the Great Lakes with devel-
opmental anomalies of structure and function in fish and wildlife, much of the mechanistic
(placental transfer, physiological and biochemical) aspects of the teratogenic action and the
implications for human reproduction are poorly understood.
It is recommended that research be undertaken on biomarkers, receptor sites and other biochemical
aspects of mechanisms of teratogenesis to give amore complete scientific explanation of the observed
teratogenesis and to assess the scale of the risks to human reproduction
The objective of all epidemiological research is the interpretation of the causes and control of
outbreaks of disease. Interpretation of the outbreaks of teratogenesis and reproductive
anomalies in Great Lakes organisms requires aknowledge of both the toxicity of and expo-
sure to each teratogenic agent. Analytical techniques for determining isomer/congener
speciﬁc compounds have only recently been developed and are still expensive, but they are
essential for the research and monitoring required to interpret the epidemics and epizootics.
Some of the analytical costs can be reduced by screening samples, using enzyme bioassay
techniques.
It is recommended that future monitoring and research on PCBs, dioxins and furans place more
emphasis on an isomer/congener specific basis to understand the levels, fates and effects of suspected
causal agents in the outbreaks ofchemically-induced diseases in the Great Lakes basin
The causal agent of a_disease may be identified many years after the initial observations of
effects were made. It is essential to have tissue samples stored from the time of the initial
observations to verify the presence of the suspected chemical agent in samples taken at the
time of the disease outbreak. There have been several proposals for specimen banking by
various U.S. agencies in past years, but no centralized system exists for Great Lakes speci-
mens from US. programs. '
It is recommended that provision be made for the storage ofsufficient materials and tissue samples
from outbreaks of chemically-induced diseases for demonstration of the presence of the suspect
chemicals by retrospective analysis. The current development, by the Great Lakes National Program
Office of the 11.5. EPA, of a proposal for a system of tissue banking of Great Lakes specimens is
commended. Similarly, samples of human tissues should be placed in long-term storage for
retrospective analysis of chemical residues
9.3.1.3 Control of Sources and Remedial Actions
There is a priority requirement to eliminate sources of teratogenic and carcinogenic chemicals
to the Great Lakes and to prevent the continued contamination of Great Lakes food chains
with substances already in the environment. Substantial progress has been achieved in
controlling direct discharges of these chemicals; however, releases from landﬁll sites and
combined sewer overﬂows still continue. In addition, releases from contaminated river and
harbor sediments persist. The continuing presence of unacceptably high levels of persistent
toxic substances in the Great Lakes ecosystem remains a continuing concern for fisheries and
wildlife managers and for health authorities.
It is recommended that research continue to be undertaken to determine feasible methods for the
remediation of contaminated sediments through removal or detoxification
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ear
ch.
Th
e C
ou
nc
il
co
nt
ra
ct
ed
wi
th
th
e R
aw
so
n
Ac
ad
em
y
to
pr
ep
ar
e b
ac
kg
ro
un
d p
ap
er
s
an
d t
o f
aci
lit
ate
'th
e w
or
ks
ho
p.
Th
e r
esu
lts
of
the
wo
rk
sh
op
wil
l b
e r
epo
rte
d i
n t
he
wo
rk
sh
op
pro
cee
d-
ings and in the next SAB Annual Report.
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 GLOSSARY OF ACRONYMS AND ABBREVIATED FORMS
INSTITUTIONS
AEOC
The Agreement
BODC
EOC
EPA
GISS
GLC
GLDL
GLERL
GLT
GLWQA
IIC
NAITC
NCASI
NCC
NOAA
OSU
PLUARG
SAB
SBWQCC
SUNY
TNC
WQB
WQOS
CHEMICALS
CFC
DDE
DDT
OC
PAH
PCB
502
OTHER
AOC
CAS
CHRIS
COA
Aquatic Ecosystems Objectives Committee
Great Lakes Water Quality Agreement
U.S. / Canada Binational Objective Development Committee
Ecosystem Objectives Subcommittee
Environmental Protection Agency
Goddard Institute of Space Sciences
Great Lakes Commission
Geophysical Fluid Dynamics Laboratory
Great Lakes Environmental Research Laboratory
Great Lakes Tomorrow
Great Lakes Water Quality Agreement
International Joint Commission
North American Indian Travelling College
National Council of the Paper Industry for Air and Stream Improvement, Inc.
Nature Conservancy of Canada
National Oceanic and Atmospheric Administration
Oregon State University
Pollution from Land Activities Reference Group
Science Advisory Board
Scientiﬁc Basis for Water Quality Criteria Committee
State University of New York
The Nature Conservancy
Water Quality Board
Water Quality Objectives Subcommittee
Chloroﬂuorocarbons
dichlorodiphenyl dichloroethylene
dichlorodiphenyltrichloroethane
Organo-chlorine
Polynuclear aromatic hydrocarbons
Polychlorinated biphenyls
Sulphur dioxide
Area of Concern
Biological Oxygen Demand
Chemical Abstract System
Chemical Hazard Response Information System
Canada Ontario Agreement
87
 CUSIS
GCMs
IFYGL
IMDEL
IPM
Paddle
RAP
TDG
UN-DOT
UTM
Ca
na
da
-U
S.
In
te
r-
Un
iv
er
si
ty
Se
mi
na
r
General Circulation Models
International Field Year for the Great Lakes
Interim Maximum Daily Exposure Limit
Integrated Pest Management
Paddle to the Sea
Remedial Action Plans for Areas of Concern
Transportation of Dangerous Goods
United Nations Department of Transport
Universal Transverse Mercator
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Dr. Alfred M. Beeton
(Co-Chair)
Director, GLERL
National Oceanic and
Atmospheric Administration (NCAA)
2205 Commonwealth Blvd.
Ann Arbor, MI 48105
Dr. Anders W. Andren
Professor, Water Chemistry Program
University of Wisconsin
660 N. Park Street
Madison, WI 53706
Dr. John Cairns, Ir.
Director, University Center for
Environmental Studies
Virginia Polytechnic Institute
and State University
1020 Derring Hall
Blacksburg, VA 24061
Dr. Lynton K. Caldwell
Department of Political Science
Indiana University
406 Woodbum Hall
Bloomington, IN 47405
Dr. Michael H. Glantz
Head, Environmental and Societal
Impacts Group (ESIG)
National Center for
Atmospheric Research (NCAR)
1850 Table Mesa Drive
PO. Box 3000
Boulder, CO 80307-3000
Dr. Harold E.B. Humphrey
Environmental Epidemiologist
State of Michigan
Department of Public Health
3500 N. Logan Street
Lansing, MI 48914
Dr. Richard A. Liroff
Senior Associate
The Conservation Foundation
1250 Twenty-Fourth Street, N.W.
Washington, DC 20037
CANADA
Dr. John R. Vallentyne
(Co-Chair)
Sr. Scientist
Fisheries and Oceans, Ontario Region
PO. Box 5050, 867 Lakeshore Road
Burlington, ON L7R 4A6
Ms. Audrey M. Armour
Assistant Professor
Faculty of Environmental Studies
York University
4700 Keele Street, Lumbers Bldg.
North York, ON M3] 1P3
Dr. Ian M. Barica
Research Scientist
National Water Research Institute
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Canada Centre for Inland Waters
PO. Box 5050, 867 Lakeshore Road
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Dr. Donald A. Chant
Chairman and President
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me
nt
Co
rp
or
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io
n .
2 Bloor Street West, 11th Floor
Toronto, ON M4W 3E2
Dr. Katherine S. Davies
Program Manager
Department of Public Health
Environmental Protection Office
City of Toronto
12 Shuter Street, 3rd Floor
Toronto, ON MSB 1A1
Dr. Richard Frank
Branch Director
Agricultural Laboratory Services Branch
Ontario Ministry of Agriculture 8: Food
Guelph Agriculture Centre
PO. Box 1030
Guelph, ON N1H 6N1
Mr. F. Henry Lickers
Director
St. Regis Environmental Division
PO. Box 579
Cornwall, ON K6H 5T3
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Mr. Michel Slivitzky
Université du Québec
Institut national de la
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Directeur du Centre INRS-EAU
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Local “B” (205), CR 7500
Ste.-Foy, PQ GlV 4C7
SECTION LIAISONS
Mr. Bruce L. Bandurski Mr.Geoffrey Thomburn (to Feb. 24/ 89)
International Joint Commission IJC, Ottawa
United States Section
2001 S Street N.W., Second Floor Dr. Andrew L. Hamilton
Washington, DC 20440 International Joint Commission
-‘ Canadian Section
100 Metcalfe Street, 18th Floor
Ottawa, ON KlP 5M1
SECRETARIAT RESPONSIBILITIES
Mr. Peter C. Boyer
Social Scientist
International Joint Commission
Great Lakes Regional Office
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Dr. Kurt Bauer Dr. R. J. Allan
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SCIENCE ADVISORY BOARD
RECORD AND ACKNOWLEDGEMENTS - 68TH TO 75TH MEETINGS
1.
68TH, SEPTEMBER 9-11, 1987
TORONTO, ONTARIO
0
Hosted by the Toronto Harbour Commission; presentation by Mr. I. Iursa and tour of
Toronto Harbour
69TH, NOVEMBER 16, 1987
TOLEDO, OHIO
0
Held in conjunction with the 3rd Biennial Meeting of the Commission under the GLWQA;
presentation of 1987 Board Report
70TH, FEBRUARY 24-26, 1988
ERIE, PENNSYLVANIA
0
Held in conjunction with the Erie Workshop, co-sponsored by the Erie County Environment
Coalition and the Erie Chamber of Commerce; meeting coordinators Sister Pat Lupo and
Mr. Don DiPlacido
715T, MAY 24-26, 1988
GREEN BAY, WISCONSIN
0
Presentation of Green Bay Remedial Action Plan and boat tour of Green Bay, hosted by the
Green Bay Yacht Club. Local organizers: Dr. I. M. Rose and Ms. Carol Holden, Co»Chairs,
Citizens Advisory Committee; Dr. Jack Day, Organizing Committee Chairman; and
Ms. V. Harris, RAP staff, Wisconsin, DNR
72ND, NOVEMBER 17, 1988
DEARBORN, MICHIGAN
0
Held in conjunction with the third joint meeting with the Water Quality Board at the Fairlane
Mansion
73RD, FEBRUARY 15-17, 1989
MONTREAL, QUEBEC
0
Tour of the National Research Council, Biotechnology Research Institute; hosted by
Mr. André Marsan
0
St. Lawrence Action Plan - presentations and research discussion; participants: Dr. P. Béland,
Mr. G. Demers, Mr. Y. Dansereau, Ms. D. Gouin, Mr. P. Matthieu, Mr. J. Piette, Mr. J. Thie,
Mr.'M. Lamontagne. Evening speaker ("Biotechnologie et Ecosystémes”): Dr. C. Limoges
74TH, MAY 16-18, 1989
BUFFALO, NEW YORK
°
Presentation from New York Department of Environmental Conservation,
Ms. Theresa Rockwell, Mr. I. MacMahon, Mr. John Spagnoli
0
Presentation of findings of SUNY Workshop "Evaluating Risks to Human Health Associated
with Exposure to Toxic Chemicals in the Great Lakes Basin Ecosystem,” Warren Flint
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 0 Tour of Buffalo RAP area and sites of interest; tour speakers: Mr. Barry Boyer and
Ms. Pam Miller; hosted by Great Lakes United, Mr. Philip Weller and Mr. James Ahl
S. 75TH, AUGUST 29—31, 1989
THUNDER BAY, ONTARIO
' Tour of Canadian Paciﬁc Forest Products Limited, Thunder Bay, Mr. Robert E. Chambers,
Mr. W.M. Vrooman, C.P. Forest Products Limited. -
0 Presentation from the Ontario Ministry of the Environment, Northwest Region, Mr. Wayne
Scott, Mr. Jake VanderWal and Mr. Don Murray.
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